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ABSTRACT
The upper Mission Canyon and lower Charles Formations
of the Madison Group (Mississippian) in central Billings
County, North Dakota respectively consist of interbedded
Study of theselimestones and dolostones, and anhydrite.
rocks was limited to Big Stick and T.R. Fields, located on
the Billings Anticline, central Williston Basin.
Detailed examinations of cores from a 166 ft (51 m)
section within the upper Mission Canyon and lower Charles
Formations resulted in the identification of seven
lithotypes: echinoderm wackestone-packstone, dolomudstone,
dolomitic echinoderm wackestone, grainstone, skeletal-
peloidal carbonate, laminated carbonate, and anhydrite.
The stratigraphic distribution of lithotypes is consistent
throughout the study area
Deposition took place in sublittoral, littoral and
supralittoral environments in a shallow, low-energy,
epeiric-sea setting- The depositional history is charac-
terized by 4 successive stages: 1) sublittoral deposition
under shallow normal marine conditions; 2) sublittoral
deposition in slight topographic depressions under
restricted marine conditions of hypersalinity and,
possibly, oxygen-deficiency; 3) perilittoral and lit~oral
deposition on a basinward (northwestward) prograding
complex of isolated shoals, current channels and protected
arid supralittoralmarine areas, and algal flats; and 4
deposition on a sabkha and within evaporative ponds
xii
The studied section was subjected to numerous
eogenetic (near-surface) and mesogenetic (deep burial
diagenetic processes with complex spatial distributions and
temporal relations. Eogenetic diagenesis included
micritization, cementation, replacement, dissolution,
mechanical compac~ion, and fracturing- Near-surface
diagenetic zones included: sublittoral stagnant and
agitated, isolated meteoric/marine water mixing, and
hypersaline vadose and phreatic.
Mesogenetic diagenesis included dissolution,
neomorphism, replacement, cementation, fracturing, pressure
Mesogeneticsolution and hydrocarbon emplacement.
diagenesis is indicative of a freshwater influx possibly as
a result of regional flow through the Madison aquifer.
Eogenetic dolomitization of sublittoral deposits,
which was the most prominent diagenetic process, took place
through an evaporative reflux mechanism. Minor eogenetic
dolomitization of littoral and supralittoral deposits took
place by penecontemporaneous, evaporative, and mixing
processes.
Three dolomite types identified are: microcrystalline,
sucrosic, and saddle dolomite. Microcrystalline and
sucrosic dolomite are nearly stoichiometric, whereas saddle
dolomite is calcium-enriched. A dynamic mesogenetic
environment resulted in the stabilization and enlargement
of eogenetic dolomites, and the formation of saddle
dolomite.
xiii
INTRODUCTION
General Setting
Big Stick and T.R. Fields consist of an approximately
45 sq mi (117 sq km) area in central Billings County,
North Dakota (Fig- 1), situated on the eastern flank of the
Billings Anticline (Fig. 2). Big Stick and T.R. Fields are
part of a prolific hydrocarbon-producing area that includes
three additional fields: Four Eyes, Tree Top and Whiskey
Joe. Oil production is primarily from the Mission Canyon
Formation (Mississippian), with lesser production from the
Red River (Ordovician) and Duperow (Devonian) Formations.
As a result, rocks of the upper Mission Canyon and lower
Charles Formations, primarily consisting of carbonates and
evaporites respectively, have been cored throughout the
Fields. This study involves a detailed examination of the
Mississippian strata within a local area.
Purpose
The purpose of this study is to: 1) interpret the
depositional environments of the upper Mission Canyon and
lower Charles Formations in Big Stick and T.R. Fields; 2)
describe and interpret the depositional setting and history
of the area during late Mission Canyon and early Charles
time: 3 describe and interpret the diagenetic features
present, including their distribution and paragenesis; and
4) in some detail, characterize the dolomites present and
interpret the mechanism(s) of dolomitization.
1
2Location of the study area.Figure 1.
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4Figure 2. Structure map on top of the "Fryburg Pay" of the
Mission Canyon Formation illustrating the position of the
study area on the eastern flank of an anticline (Billings
Anticline) (modified from Anderson, 1966). Tl.eposition of
the datum is shown in the inset.
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6Geologic Setting
The Williston Basin is an intracratonic basin within
North Dakota, Montana, South Dakota, and south-central
(Fig- 3)- TheCanada (Manitoba and Saskatchewan)
sedimentary section attains a thickness of up to 15,000 ft
4573 m) in the central basin area and contains rocks from
the Cambrian to Tertiary Systems (Carlson and Anderson,
1966). Major structural features within the Basin include
the Nesson, Cedar Creek, Billings, and Little Knife
Anticlines, Sheep Mountain Syncline, and Poplar Dome (Fig-
The study area is situated on the Billings Anticline
(Fig- 2), a northward-plunging structure that is mappable
on Paleozoic and Mesozoic strata (Anderson, 1966).
Intrabasin structures may have formed due to the renewed
movement of pre-Phanerozoic faults (Gerhard and others,
1982).
The Kaskaskia Sequence (Lower Devonian-Upper
Mississippian) in the Williston Basin includes
Mississippian rocks in excess of 2500 ft 762 m) thick in
central basin. Isopach maps of Mississippian rocks
suggest that the configuration of the Mississippian
sedimentary basin may have resembled that of the present
Williston Basin (Carlson and Anderson, 1966)
.
After the deposition of the Bakken Formation
Upper Devonian-Lower Mississippian) epicontinental seas
expanded over areas of the craton during deposition of the
Mississippian Madison Group (Carlson and Anderson, 1965, p
1840). Predominantly normal marine carbonate deposition
7Figure 3. Location of structural features within the
Williston Basin (shaded). (Modified from Anderson and
Bluemle, 1982, Figures 1 and 2).
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9place during this time, followed by alternating
carbonate and evaporite deposition as a result of
Evaporite depositionincreasingly restricted conditions.
gradually extended basinward from the northeastern margin
of the Williston Basin (Carlson and Anderson, 1966).
Stratigraphy
Peale 1893, p. 32,33 first used the term Madison
Formation (Fig- 4 for the Lower Carboniferous limestones
exposed near Three Forks, Montana. The Madison was later
assigned group status by Collier and Cathcart 1922, p.
173 and divided into two formations, the Lodgepole
lower) and Mission Canyon Limestone (upperLimestone
Seager and others (1942) extended this4).
terminology into the subsurface of the Williston Basin and
introduced the term "Charles Formation" (p. 1420,1421 fOf
evaporite beds above the Madison Limestone and within
the lowest portion of the overlying Big Snowy Group. The
Charles Formation was later included within the Madison
Group by Sloss and Moritz 1951, p- 2158; Fig- 4) due to
the genetic relations thought to exist between the two.
Complex facies relations within the Madison Group in
subsurface of the Williston Basin make correlation
difficult. As a result, informal subdivisions within the
Madison are defined by mechanical-log marker horizons
(Anderson and others, 1960). Using marker horizons, Thomas
1954 subdivided the Mission Canyon Formation in the
northeastern portion of the Williston Basin into five units
10
Figure 4. Nomenclature of the Madison Group
(Mississippian) of the Williston Basin.
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designated in ascending order MC-l to MC-S (Fig- 4)
Puller 1956 interpreted several persistent marker
horizons within the Madison Limestone in southeastern
Saskatchewan as representing nearly time-parallel units.
The term "Beds" was used for these para-time rock units.
In 1956, the Saskatchewan Geological Society used
marker beds to standardize subsurface terminology in
northeastern portion of the Williston Basin. Upward, the
Madison was defined as consisting of several Beds: Souris
Valley, Tilston, Frobisher-Alida, Midale, Ratcliffe
Poplar (Fig- 4). Smith ~1960) replaced the term Souris
Valley with the term Bottineau and substituted the term
"Interval" for the term "Bed" In addition,(Fig- 4)-
Smith defined two subintervals, the Rival and Midale,
within the upper Frobisher-Alida interval and lower
Ratcliffe interval, respectively. Terminology used by the
North Dakota Geological Survey (Bluemle and others, 1980)
is similar to that of Smith 1960) (Fig- 4). Bluemle and
others (1980) described the Lodgepole, Mission Canyon, and
Charles Formations as facies that cut across log markers
In this study, subsurface terminology of the North
Dakota Geological Survey (Smith, 1960; Bluemle and others,
1980) is used (Fig- 4). Because the Charles Formation
refers to the evaporite deposits overlying Madison lime-
stones (Seager and others, 1942: Edie, 1958, p. 96),
position of the boundary between the Mission Canyon
Charles Formations is placed at the base of the lowest
evaporite deposit. In this study area the boundary occurs
13
within the upper portion of the Frobisher-Alida interval
(Fig-
In north-central North Dakota, Harris and others
(1966) recognized six hydrocarbon-producing sedimentary
cycles within the Frobisher-Alida interval. The cycles,
named for fields or areas in which they produce oil, in
ascending order are Landa, Wayne, Glenburn, Mohall,
Sherwood; and Bluell (Fig. 5). These cycles are separated
by thin, persistent, widespread marker beds (in ascending
order they are Landa, K-3, K-2, K-l, Sherwood Argillaceous,
and State A), which are recognizable in cores and on logs
Rocks corresponding to the cycles described by Harris and
others (1966) are widely referred to in studies of the
Frobisher-Alida interval of the Williston Basin.
Near the margins of the Williston Basin, all of the
informal subdivisions of the Madison Group, i.e. Bottineau,
Tilston, Frobisher-Alida, Ratcliffe, and Poplar intervals
can be recognized. In the central basin area, which
includes the area involved in this study, only the upper
and lower boundaries of the Ratcliffe interval are
observable (Carlson and Anderson, 1966.).
The stratigraphic section being studied is within the
upper portion of the Mission Canyon Formation and lower
portion of the Charles Formation (Frobisher-Alida interval
(Fig. 6). Cored intervals are from a 166 ft 51 m) section
that ranged from 160 ft 49 m) below the Mission Canyon and
TheCharles contact to 6 ft (2 m) above the contact.
position of the studied section with respect to the beds
14
Figure 5. Southwest to northeast schematic section
illustrating the Upper Mission Canyon sedimentary units
(Beds) and bounding markers that are present in north-
central North Dakota (modified f-:om Barris and others,
1966).
16
Figure 6. Typical log responses (FDC-CNL-GR) of the upper
Mission Canyon and lower Charles Formations within the
study area illustrating the nomenclature used and the
position of the cored interval studied.
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18
delineated by Harris and others 1966) is difficult to
determine due to the absence of all but one (State A) of
the marker beds. A thin, argillaceous siltstone bed known
as the Fryburg gamma-ray marker is present within the study
interval (Fig. 6). The bed produces a well-defined gamma-
ray deflection on radioactive logs that is traceable
throughout the study area
Previous Work
Mississippian rocks of the Williston Basin have been
studied by many workers for instance Edie, 1958: Hansen,
1966; Harris and others, 1966; Gerhard and others, 1978;
Lindsay and Roth, 1982). The character of the deposits
within ~he Mission Canyon and Charles Formations have
generally been described as consisting of repetitive
successions of cycles or shoaling-upward sequences. Rocks
of the Mission Canyon and lower Charles Formations in
southeastern Saskatchewan were interpreted by Edie (1958)
to have been deposited in four environments, basin, open
marine shelf, barrier, and lagoon. Similarly, Barris and
others (1966) recognized four major rock types within the
upper Mission Canyon Formation Frobisher-Alida interval)
of north-central North Dakota. Harris and others described
the four rock types as occurring in each of six shoaling-
upward cycles (Landa, Wayne, Glenburn, Mohall, Sherwood,
and Bluell in ascending order; Fig. 5). Rocks of the upper
Mission Canyon and lower Charles Formations in the
Williston Basin have also been characterized as consisting
19
of several regressive sequences or cycles in other areas of
the Williston Basin (Elliot, 1982; Lindsay and Roth, 1982;
and Catt, 1982). Obe1enus (1985), however,Waters, 1984
suggested that lithologic variations in rocks of the
Frobisher-Alida interval in northwestern North Dakota
resulted from lateral migration and progradation of a
complex facies mosaic rather than numerous sea level
fluctuations. Previous work on Mission Canyon rocks most
relevant to this study include Altschuld and Kerr (1982)
and Kupecz (1984) in the Billings Anticline area, and
Lindsay and Roth (1982) in Little Knife Field. These
studies interpreted Mission Canyon strata to have been
deposited on a shelf containing parallel open-marine,
transitional marine, lagoonal, littoral, and tidal flat or
sabkha environments which prograded basinward.
Methods
Both English and metric units of measure are used in
this study. Conventional units (either English or metric)
that are most widely used for a specific purpose are
employed. For example, microns are used for dolomite
When appropriate, the correspondingcrystal diameter.
converted value (either metric or English) is given in
parentheses.
Approximately 1200 ft (366 m) of core from a total of
twenty-two wells within Big Stick and T.R. Fields (Fig- 7
and Appendix A) in central Billings County, North Dakota
were described. All cores are permanently stored in the
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Figure 7. Well and core locations within the study area.
Cored wells examined during this study are circled and the
corresponding North Dakota Geological Survey (NDGS) well
number is given.
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Wilson M. Laird Core and Sample Library located on the
University of North Dakota campus at Grand Forks and
Strati-operated by the North Dakota Geological Survey.
graphically, all cores were recovered from the hydrocarbon-
producing upper portion of the Mission Canyon Formation and
the lower portion of the Charles Formation (Fig. 6). Core
lengths varied from 20 ft 6 m) (NDGS 7452) to 120 ft (37
m) (NDGS 7446) and averaged about 50 ft 15 m) in length.
Cores were slabbed when necessary. Slabbed surfaces
were prepared using 400 grit and then 600 grit emery paper
in order to provide a suitable surface for visual
examination. Cores were described using a reflected light
microscope and hand lens. Core descriptions are given in
Appendix B
Core photographs were taken of representative segments
of core, and of depositional and diagenetic features of
Slabbed surfaces were illuminated by fourinterest.
equally spaced light sources and a 50:50 mixture of
glycerin and water was applied to the slabbed surf~ce to
improve visibility. Exposure settings were automatically
adjusted with the use of a Minolta X700 fully automatic
35mm camera and Minolta macro lens.
Small slabs, I in. x 2 in. 2.5 cm x 5 cm) in size,
were cut for the preparation of 199 thin sections. All
thin sections were then stained using alizarin red-S
(Friedman, 1959) for differentiation between calcite and
dolomite. A polarizing microscope was used for mineralogic
and allochem identifications. A microfiche reader was used
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and are often surrounded by a dark gray, pyritic rim. The
nodules are composed of felted anhydrite, poikilitic
calcite, coarsely crystalline s~ddle dolomite, or varying
amounts of these three.
Hydrocarbon staining is common in this lithotype.
Porosity varies from 5 to 20%, depending on the degree of
late-stage cementation. Pores are predominantly inter-
crystalline; less commonly, they are moldic, vugular or
intraparticle.
A dark gray, relatively thin, silty bed, referred to
as the Fryburg gamma-ray marker, is consistently present in
this lithotype. Thicknesses of this bed vary from 2 to 6
in. 5 to 15 cm). The bed has a finely laminated
appearance with dolomitic lenses and thick, anastomosing
sutured-seam stylolites and microstylolite swarms.
Detailed petrographic examinations show a composition of:
1)35-55\ quartz (angular to subangular, silt-size grains
commonly with long axes oriented sub-horizontally); 2) 5-
50% clay compacted); 3 15-40\ dolomite (pervasive, cloudy
and limpid, rarely zoned rhombohedra less than 25 microns
in diameter); and 4) trace amounts of disseminated,
framboidal pyrite, mica, plagioclase, and heavy minerals
Powder X-ray diffraction analysis identified illite as the
potassium-rich phase most responsible for the
characteristically "hot" gamma-ray response seen on
radioactive logs
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Dol~ic Echinoderm Wackeston~ Lithotype
The dolomitic echinoderm wackestone lithotype consists
of dark gray to dark yellowish-brown, moderately
dolomitized skeletal wackestones and mudstones (Fig-
This lithotype is present in 12 cores and is from 4 to 25
ft 1.2 to 8 m) thick. This lithotype is present in the
middle portion of the studied section throughout the study
area. Rocks of this lithotype are interbedded with,
grade laterally into, rocks of the echinoderm wackestone-
packstone and dolomudstone lithotypes.
Allochems consist ot skeletal grains. In decreasing
abundance, skeletal grains include echinoderms,
brachiopods, rugose corals, ostracodes, bryozoans and
Other than rugose corals, which aremolluscs (Table 1).
occasionally intact, skeletal grains are fragmental. Some
skeletal grains have been replaced by dolomite or anhydrite
and subsequently leached.
Mineralogically, this lithotype is composed of almost
equal proportions of calcite and dolomite, with minor
amounts of anhydrite and chert. Calcite and dolomite are
each between 45 and 55\. Calcite is pr~sent as allochems
and matrix. The calcite matrix is composed of varying
amounts of micrite, microspar and pseudospar.
Two dolomite types are present: 1 cloudy and limpid,
pervasive replacements; and 2) rare, saddle dolomite cement
and replacements. The first type consists of subhedral to
euhedra1 rhombohedra between .10 and 100 microns in
diameter. These dolomite crystals often possess corroded
39
Figure 12. Core photograph of the dolomitic echinoderm
wackestone lithotype. Bar scale is 2 in. (5 cm) long.
NDGS 7465 at 9420 ft (2872 m).

41
The second type consists of clear, saddleboundaries.
dolomite crystals up to 300 microns long which exhibit
undulatory extinction. Saddle dolomite selectively
replaces allochems and occludes pores.
Minor amounts of anhydrite (1-5\) are present as
Trace amounts of chertmatrix and allochem replacements.
are disseminated throughout the matrix.less than 1%
Pervasive chert replacement and cementation occur locally,
but may comprise up to 30% of a sample.
The dolomitic echinoderm wackestone lithotype contains
occasional, randomly oriented burrows, which are often more
Organiccompletely dolomitized than the surrounding rock.
wisps and skeletal grains are commonly draped around
burrows.
Organic wisps, sutured-seam stylolites and micro-
Small, nearly vertical, calcite-stylolites are common.
filled fractures are associated with the sutured-seam
stylolites. The fractures originate at the stylolite
interface and diverge at 90 degrees, gradually becoming
smaller away from the stylolite. These fractures are up to
2 in. (5 cm) long-
Rocks of this lithotype contain up to 20\ porosity.
Pore types include vugular, intercrystalline and moldic.
The dolomitic echinoderm wackestone lithotype is
occasionally oil-stained
The grainstone lithotype is present in 5 cores as dark
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algae and abraded echinoderm and coral fragments (Table 1
Scour surfaces are occasionally present (Fig 17
Intraclastic rocks of this lithotype are interbedded with
rocks of the skeletal-peloidal carbonate lithotype, and are
overlain by cryptalgal rocks of the laminated carbonate
lithotype.
Mineralogically, the laminated carbonate lithotype is
composed of calcite, dolomite and minor amounts of anhy-
drite, chert and celestite. Calcite (less than 10% occurs
as micrite and secondary spar. Dolomite ranges between 70
and 95%. Two types of dolomite are present: pervasive,
cloudy, fine-grained rhombohedra less than 10 microns in
Saddle dolomitediameter, and saddle dolomite cement.
cement consists of single crystals up to 300 microns long
which possess curved crystal faces and exhibit undulatory
extinction.
Anhydrite comprises up to 40\ of this lithotype.
Allochems and matrix are occasionally replaced by blocky,
crystallotopic, anhydrite crystals up to 0.2 in. 5 mm)
long. Crystallotopic anhydrite truncates previously formed
anhydrite- and calcite-filled fractures.
Chert and celestite replacement occur locally in
cryptalgal rocks of the laminated carbonate lithotype.
Chert replacement is pervasive. Silicified areas have a
light brown color and show good preservation of cryptalgal
laminae. Celestite (up to 10\ occurs as lobate masses
with abundant dolomite inclusions.
Most rocks of this lithotype contain less than 5%
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intercrystalline and intraparticle porosity. Localized
dissolution of allochems and matrix in cryptalgal rocks has
resulted in up to 25% moldic and vugular porosity.
Anhydrite Lithotype
The anhydrite lithotype is present in 9 cores and
consists of light gray to light olive gray, dolomitic
anhydrite and anhydrite. This lithotype comprises the
upper portion of the studied section throughout the study
area. The anhydrite lithotype is underlain by and
occasionally interbedded with cryptalgal rocks of the
laminated carbonate lithotype. Anhydrite structural types
present, according to the classification of Maiklem and
others (1969) include bedded massive, contorted bedded,
nodular, and bedded nodular (Figs. 18 and 19). Dolomitic
wisps and thin, organic laminae are commonly present in the
massive bedded type. Gypsum crystals from 0.01 to 0.03 in.
(0.2 to 0.7 rom) long have been pseudomorphed by anhydrite.
Scattered peloids from 0.01 to 0.04 in. 0.2 to 1 nun) long,
intraclasts less than 0.06 in. 1.5 mm) long, and whole and
broken ooids from 0.04 to 0.06 in. (1.0 to 1.5 rom) in
diameter are rarely present within disrupted beds of
nodular anhydrite (Fig. 19).
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Figure 18. Core photograph of the anhydrite lithotype
showing a bedded massive texture with thin dolomitic wisps
and organic laminae (arrow). Bar scale is 2 in. (5 cm)
long- NDGS 7086 at 9297 ft (2834 m).
Figure 19. Core photograph of the anhydrite lithotype
showing a nodular to bedded nodular texture. The
surrounding matrix is fine-grained dolomite with
occasional, disrupted beds (arrow) containing peloids and
intraclasts. Bar scale is 2 in. (5 cm) long. NDGS 7122 at
9300 ft (2835 m).

DEPOSITIONAL INTERPRETATIONS
Introduction
Interpretations of the environment or environments in
which each lithotype was deposited are based on features
seen in the rocks described, their interrelations, and the
comparison of those features believed to be depositional in
origin with observations of modern and ancient carbonates
reported in the literature. Depositional interpretations
made during this study were based on information only from
Big Stick and T.R. Fields. It was the intent of this study
to delineate, in some detail, environmental conditions
present only within the study area in order to increase the
understanding of the unique diagenetic history of this
Although the regional depositional setting of thearea.
area as described by previous workers is important in such
a localized study, this information was found to be too
generalized, and was of limited use during this study.
Regional Paleogeographic Setting.
During Mississippian time, the depositional center of
the Williston Basin was located at approximately 15
degrees north latitude (Ziegler and others, 1979, p. 490)
Deposition took place in a broad epeiric sea which extended
throughout North Dakota and the surrounding area. Such
seas were hypothesized by Shaw (1964, p. 5) as having low
bottom slopes of 0.1 to 0.5 ft per mile .02 to 0.1 m/km}
and maximum water depths of 90 ft 27 m). Shaw further
7stated (p. that such conditions would attenuate ocean
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currents, such as tides, toward the interior of the seas
to bottom-surface friction. Since it is not known if
tides were a significant phenomenon in these intracratonic
seas, the environmental terms subtidal, intertidal, and
supratidal are not used due to their dependence on tidal
Instead,ranges. the terms sublittoral, littoral, and
supra1ittora1 as applied by Hedgpeth (1957) are used in
this study. Supralittoral, littoral and sublittoral zones
refer to the area above the high position of the strand-
line, the area between the normal high and low fluctuations
of the strandline, and the area seaward of the lowest
littoral zone, respectively.
Echinoderm Wackestone-Packstone Lithotype
The echinoderm wackestone-packstone lithotype was
deposited in a sublittoral marine environment.
Echinoderms, brachiopods, and corals (Table 1 comprise a
faunal assemblage which is indicative of normal-marine
salinity conditions between 30 and 40 parts per thousand
(Heckel, 1972, p. 234).
Wackestone and packstone textures of this lithotype
are indicative of low energy conditions. Water circulation
however, sufficient to allow for oxygenation and an
abundant supply of nutrients for organisms to survive. In
a shallow, epeiric setting, mixing of the water column
could have resulted from wind and storm-driven currents
(Shaw, 1964).
Unabraded echinoderms and brachiopods, and intact
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indicate that the fossilcorals (Table 1 and Fig- 9
allochems of the echinoderm wackestone-packstone lithotype
were subjected to little or no transportation. Dis-
articulation of jointed organisms e.g., echinoderms) in
these deposits could have occurred upon the decay of
connecting organic tissue and movement by burrowing
organisms (Beckel, 1972, p. 235). Broken fossils and even
some packstone textures in this lithotype may have been
produced by mechanical compaction.
The echinoderm wackestone-packstone lithotype,
therefore, represents deposits of a shallow, low-energy,
normal marine, sublittoral environment.
Dolomudstone Lithotype
The dolomudstone lithotype was also deposited in a sub-
littoral marine environment. This lithotype is interpreted
to have been deposited as mudstones and occasional skeletal
wackestones. Matrix-selective dolomitization has resulted
in textures consisting of sparse skeletal grains in an
interlocking mosaic of fine-grained dolomite. Diagenesis
of these rocks makes depositional interpretations
difficult. The following interpretations are based on
those features considered to be depositional.
Paucity of fossils is evidence of a stressed environ-
ment (Wilson and Jordan, 1983, p. 301 not suitable for
Elevated salinityabundant or diverse biotic development.
conditions may have been responsible for the faunal
restriction during deposition of the dolomudstone
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lithotype. Articulation of ostracodes (Table 1) indicates
they were not subjected to transport and are probably
The interbeddedindigenous to the dolomudstone lithotype.
nature of the dolomudstone and echinoderm wackestone-
packstone lithotypes suggests that sparse, disarticulated,
stenohaline fauna (i.e. echinoderms, brachiopods, and
corals; Table 1 of the dolomudstone lithotype may have
been derived from an adjacent normal marine environment and
transported to their final depositional site. The
occurrence of ostracodes and paucity of stenohaline fauna
i.e. echinoderms, brachiopods, and corals are
characteristic of elevated salinity conditions (Heckel,
1972, p. 234). Abundant infauna indicate that most
deposition of the dolomudstone lithotype occurred under
salinity conditions low enough to support infauna.
The evaporite nodules in this lithotype (Fig. 10 are
indicative of increased salinity. Salinity appears to
have become high enough to promote the precipitation of
evaporites penecontemporaneously within the sediment. The
occurrence of evaporite nodules within burrows suggests
that sulfate was emplaced after bioturbation, probably
during the most saline conditions. All fauna wer~ probably
absent during this highest salinity
Faunal restriction can also be caused by other factors
such as depleted nutrients, temperature extremes, and
oxygen deficiency Enos, 1983, p. 268). It is not known if
these factors also contributed to the scarcity of epifauna
and abundant infauna of the dolomudstone lithotype
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Oxygen-deficient (dysaerobic marine environments, however
are characterized by a decreased epifauna and increased
infauna (Byers, 1977, p. 8) similar to the dolomudstone
lithotype. Due to its reduced solubility, dissolved oxygen
levels decrease with increasing salinity (Byers, 1977 and
thus may have developed during deposition of the mudstone.
Byers (1977 indicated that since the rate of oxygen
decrease is slow, however, limiting saline conditions would
probably develop long before oxygen would become
significantly reduced. In addition, it is is not known if
density stratification or a sufficiently large sill
necessary for stagnation and depleted oxygen conditions
could have developed in such shallow sublittoral areas that
were probably present during restricted deposition in Big
Stick and T.R. Fields. Because of the shallowness of the
epeiric sea in the study area, the entire water column
could have remained oxygenated due to normal atmospheric
exchange with surface waters. It is unclear, therefore, if
oxygenation was a controlling factor during deposition of
the dolomudstone lithotype.
Restrictive conditions during deposition of this
lithotype may have been produced by decreased water
circulation as a result of an effective barrier. 'llhe
absence of sublittoral, barrier deposits, such as skeletal
or oolitic grainstones, between the dolomudstone lithotype
and normal marine deposits of the echinoderm wackestone-
packstone lithotype, however, eliminates the possibility of
a topographically positive barrier within this study area.
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Previous studies also have not demonstrated the existence
of a topographic barrier surrounding the study area.
Water circulation over what is now Big Stick and
T.R. Fields may have been reduced by frictional forces that
would be experienced across broad, shallow, epeiric areas
7; Irwin, 1965, p. 446). Topographic(Shaw, 1964, p.
effects could have also effected water circulation. Slight
topographic irregularities are accentuated when they occur
in broad, shallow areas and may influence the depositional
environments (Irwin, 1965, p. 456; Enos, 1983, p. 269).
Modern sublittoral mudstone deposition in known to occur in
topographic depressions in the Persian Gulf (Kassler,
1973; Clarke and Keij, 1973). The sublittoral depositional
surface in Big Stick and T.R. Fields probably was not
completely flat. Mudstone deposition may have occurred
within topographically low areas that were subjected to
reduced water circulation.
The dolomudstone lithotype is interpreted to have been
Faunaldeposited in a restricted marine environment.
restriction may have been produced by elevated salinity,
but the role of other restricting factors, especially
oxygenation, is unclear. The lack of a Recent analog for
the Mississippian epeiric sea adds to the difficulty in
understanding how it operated.
The origin of the Fryburg gamma-ray marker bed that
occurs in the dolomudstone lithotype has been a subject of
much interest. Its value lies in its use as a time-
stratigraphic marker bed within the uniform mud-rich,
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hydrocarbon-producing lithologies of the Frobisher-Alida
interval in the central portion of the Williston Basin.
Kupecz (1984, p. 54 suggested that the marker bed is an
eolian deposit laid down instantaneously in geologic time
during a large dust storm "shamal" similar to those which
presently occur in the Persian Gulf. The angularity of
grains, well-sorted nature, and thin, widespread character
of the deposits were considered supportive of an
"instantaneous" eolian origin, thus making this deposit a
time-stratigraphic marker. This argument was supported by
Shanley 1983, p. 93) who described the marker horizons
within the Frobisher-Alida interval as facies-transgressive
(p. 56). In a recent biostratigraphic study of the Madison
group within North Dakota, Waters (1984 described several
coral zonules which were found to parallel marker horizons.
In Billings County a zonule (Stelechophyllum banffense) was
consistently found near the position of the Fryburg marker.
These relations were interpreted by Waters (1984) to be
evidence of the time-parallel nature of the marker beds
A regional study of the Fryburg gamma-ray marker bed
is beyond the scope of this study. Stratigraphic wireline
log correlation and petrographic analysis, however, support
a hypothesis that the Fryburg gamma-ray marker in this
study area may be a basinward extension of the K-2 marker
(also known as the Kisbey Sandstone) that can be traced
from southeastern Saskatchewan into north-central North
Dakota (LeFever and others, 1984). A sandstone bed
correlative with the K-2 marker is present to the southeast
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of Big Stick and T.R. Fields. This sandstone bed was
traced basinward on wire1ine logs as the Fryburg gamma-
ray marker.
The K-2 marker (Kisbey Sandstone) is considered to be
an eolian deposit that was reworked during a minor
transgression into a sheet sand (J. A. LeFever, oral
communication, 1986). The fine-grained texture and
quartzose composition of the Fryburg gamma-ray marker in
Big Stick and T.R. Fields is consistent with the reworking
of the K-2 marker. Reworking of the K-2 marker, by eolian
or aqueous processes, may have distributed finer
constituents (silts and clays) basinward into the study
area as a thin veneer of detrital particles. With burial,
these detrital grains were concentrated by compaction and
pressure solution into a thin, stylolitic, argillaceous,
quartzose, silt layer. Such an origin would indicate that
the present Fryburg gamma-ray marker does not represent an
instantaneous geologic event and, therefore, is not a
time-parallel marker
In the opinion of this writer, insufficient evidence
exists f~r the use of the Fryburg gamma-ray marker as a
time-stratigraphic marker. Post-depositional features
such as thick stylolites and mechanically compacted grains,
strongly suggest that, whatever its origin, the Fryburg
gamma-ray marker presently does not correspond to a time-
parallel marker.
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storm currents. Such currents produced disarticulated
and fragmented fossils, broken ooids and pisoids, abundant
intraclasts, a mud-free texture with isopachous calcite
cement, and occasional graded beds (Table 1).
Areas with quiet water conditions were also present
as evidenced by occasional packstone textures and radial
fibrous ooids and pisoids. In modern settings, radial
fibrous substructures in ooids are formed in quiet water
conditions (Loreau and Purser, 1973; Land and others,
1979). Because of the similarity in substructure, size,
and distribution between pisoids and ooids in the grain-
stone lithotype, both grain types were probably formed
subaqueously. Evidence for a vadose origin of the pisoids
in the grainstone lithotype, such as internal silts, fitted
structures, and.pendant cement (Dunham, 1969), are lacking
The association with marine fauna, ooids, and fenestral
fabric further support a subaqueous origin for pisoids
(Esteban, 1976).
Shallow water depths are indicated by the presence of
ooids, algae (Heckel, 1972), and fenestral fabric (Shinn
1983). Cryptalgal laminations in rocks of t~.e laminated
carbonate (discussed later , which overlie the grainstone
lithotype, are indicative of deposition neat a strandline.
The limited occurrence and stratigraphic position of
the grainstone lithotype indicate deposition took place
on, and laterally adjacent to, isolated shoals. Deposition
was shoreward of normal marine and restricted marine
deposits, but seaward of the strandline. Lateral gradation
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indicates deposits of the grainstone lithotype occurred in
areas adjacent to deposits of the skeletal-peloidal
carbonate lithotype. The shoals were topographically
These areaspositive areas on a shallow sublittoral flat.
were subjected to persistent, low-energy wave activity
resulting in oolitic grainstone deposition. Packstone
textures probably developed in adjacent areas not subjected
to direct wave activity and the winnowing of muds
Skeletal-Pel~~dal Carbonate Lithotype
The skeletal-peloidal carbonate lithotype was
deposited in a shallow, sublittoral marine environment
variable energy and salinity conditions. Indigenous fauna
vary from dominantly euryhaline forms (ostracodes,
gastropods, foraminifers, and algae) in some rocks, to
dominantly stenohaline forms (echinoderms, corals and
brachiopods) in other rocks. Preserved, delicate
structures on echinoid spines, articulated ostracodes
geopetal structures (Table 1 are suggestive of little or
no transport, and quiet-water conditions during deposition.
Intraclasts, ooids, and fragments of bryozoans and corals,
however, are indicators of transport
Rock textures include wackestones, packstones, and
grainstones. Current strengths probably controlled the
winnowing of mud and amount of water circulation.
Fluctuations in current strengths, therefore, could account
Fluctuating currents infor the variable textures.
nearshore, current channels varied water circulation,
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creating local changes in stagnation and salinity which, in
turn, controlled the abundance and diversity of organisms.
The intercalation of the skeletal-peloidal carbonate
and grainstone lithotypes indicates that they were
deposited in laterally adjacent areas. Sparse, rounded
intraclasts and ooids in the skeletal-peloidal carbonate
lithotype were probably derived from adjacent shoal
deposits of the grainstone lithotype.
The shoals on which the grainstone lithotype was
deposited may have dampened water circulation in areas of
the shallow, upper sublittoral flat. Shifting of shoals
and other microenvironments such as current channels
probably produced the variability of conditions that were
These changingpresent in the sublittoral environment.
condition~ are reflected by the variability of rocks in
the skeletal-peloidal carbonate lithotype.
The laminated carbonate lithotype consists of two
types of laminated rocks: crypta1ga1 rocks (Fig- 16) and
intrac1astic rocks (Fig. 17). These two rock types were
formed in separate areas near a strandline. Cryptalgal
rocks contain flat to wavy, dolomitic laminations, a fine-
grained texture, displacive anhydrite nodules, sparse biota
(ostracodes and algae), and non-skeletal grains (intra-
clasts, pellets, and peloids). Together, these features
are indicative of a littoral to supralittoral setting
(Lucia, 1972; LaPorte, 1967). Anhydrite nodules and
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dolomite are indicative of arid climatic conditions similar
to recent sabkha settings (Wood and Wolf, 1969, p. 183).
The flat to wavy morphology of cryptalgal laminations
indicates development in low-energy conditions as
demonstrated by Logan and others (1964). The scarcity of
desiccation features indicates that the sediments probably
remained moist, and experienced only limited subaerial
Cryptalgal rocks, therefore, were deposited onexposure.
algal flats in littoral to lower supralittoral environ-
ments. The cryptalgal rocks represent organo-sedimentary
structures formed by the trapping and binding of detrital
sediment by algae. Detrital particles were probably the
result of storm deposition of sublittoral sediment onto
littoral and supralittoral areas (Shinn, 1983).
Intraclasts, pellets and peloids are common in modern
supra1itt"ora1 deposits (Shinn, 1983). Preservation of the
laminations is controlled by the scarcity of infauna
browsing organisms due to the restrictive conditions
encountered in upper littoral and supralittoral
environments Shinn, 1983).
Intraclastic rocks of the laminated carbonate
lithotype Fig- 17 consist of inclined, alternating
l'Josely and tightly packed laminae with horizontally-
oriented intraclasts. These features are characteristic of
current channel deposits (Lucia, 1972). Abraded skeletal
grains and scour surfaces are further evidence of current
activity. Currents were probably the result of wind
storm activity.
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Intraclastic rocks are intercalated with rocks of
Skeletal-peloidal carbonate and grainstone lithotypes.
current channels, therefore, were present in local areas of
the inner sublittoral flat, possibly between shoals.
Anhydrite Lithotype
The anhydrite lithotype consists of dolomitic
anhydrites and anhydrites that were deposited in supra-
littoral areas on a sabkha and within shallow ponds.
Characteristic features of coastal sabkha evaporites
(Kendall, 1984) exhibited by this lithotype include nodular
and mosaic textures, underlying algal mats (cryptalgal
rocks of the laminated carbonate lithotype), gypsum
crystals (pseudomor~hed by anhydrite), displacive anhydrite
nodules, and contorted bedded (enterolithic ? anhydrite
layers.
Nodular and mosaic textures of the anhydrite lithotype
(Fig- 19) are similar to those observed in modern, coastal-
sabkha settings such as the Trucial Coast (Butler, 1969;
Shearman, 1978). Evaporite deposition on a modern sabkha
takes place within a one-Metre-thick sediment column
immediately above the water table (Warren and Kendall,
1985, p. 1014). Mosaic structures are produced in this
zone by the displacive growth of anhydrite within the
sediment or from the alteration of earlier formed gypsum
crystals. Contorted bedded anhydrite layers are produced
by the coalescive growth and contortion of individual
evaporite nodules (Shearman, 1978, p. 22), or by the
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deformation of subaqueous, laminated evaporites (Kendall,
1984, p. 277
Celestite is found in minor amounts in the anhydrite
1978, p. 9) describes celestite as aShearmanlithotype.
minor, but common, diagenetic mineral in modern sabkha
deposits.
In the anhydrite lithotype, bedded massive anhydrite
grades laterally into nodular anhydrite. Bedded massive
anhydrite (Fig. 1S) is interpreted to have formed
subaqueously within shallow supralittoral ponds that
embayed into, or were superimposed on, the sabkha surface.
Kendall 1984, p. 275 interpreted bedded massive
evaporites of the Mississippian Frobisher Evaporite in
Saskatchewan to have been deposited in shallow water
lagoons or ponds superimposed on a sabkha surface. The
bedded massive deposits of the Frobisher Evaporite pass
laterally into more "normal" sabkha sequences composed of
nodular and mosaic anhydrite
Intraclasts, peloids and ooids scattered within
disrupted laminae of the anhydrite lithotype Fig- 19)
probably represent storm deposits derived from sublittoral
Thin, horizontal, organic laminae within the b~ddedareas.
massive anhydrite (Fig. 18) may represent relict algal mats
established between periods of evaporite deposition
DEPOSITIONAL HISTORY
-
During Mississippian time, the study area was located
at approximately 15 degrees north latitude Ziegler, 1979).
Mississippian deposition took place in a broad, epeiric sea
Asthroughout North Dakota and the surrounding area.
stated earlier, such a sea was probably characterized by
low bottom slopes and shallow water depths. The Mis-
sissippian Madison Group dominantly consists of carbonates
and evaporites (B1uem1e and others, 1980) which correspond
to clear-water, epeiric sediments of Irwin (1965).
Throughout Big Stick and T.R. Fields, the studied
section contains the same stratigraphic sequence,
consisting of a thick succession of sublittoral rocks which
are overlain by a thin cap of littoral and supralittoral
rocks Skeletal wackestones andFigs. 20 and 21).
occasional packstones echinoderm wackestone-packstone
lithotype are dominant in the lower part of the section
and become intercalated with intensely dolomitized,
bioturbated skeletal wackestones and mudstones (dolomitic
echinoderm wackestone and dolomudstone lithotypes upward
in the section. These rocks are overlain by skeletal and
peloidal wackestones, packstones, and grainstones
(skeletal-peloidal carbonate lithotype), occasional ooid
grainstones (grainstone lithotype), laminated mudstones,
wackestones and packstones laminated carbonate lithotype),
and anhydrite. The stratigraphic position of these general
lithologies is consistent throughout the study area (Fig
21). The vertical and lateral relations of the lithotypes
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Figure 23. Isopach map of the lowest Charles evaporite
within Big Stick and T.R. Fields.
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may correspond to the upper portion of a single regressive
sequence within the Frobisher-Alida interval of the Madison
Group.
Depositional models proposed for these rocks by
A1tschu1d and Kerr (1982) and Kupecz (1984) show these
rocks as a shallowing-upward succession produced by the
Landward,basinward progradation of parallel environments.
these environments became progressively more restricted due
to increasing salinities. It is suggested in this study
that marine conditions such as salinity varied within sub-
littoral environments due to local changes in sedimentation
rates, bottom topography, and water circulation patterns.
These factors may also have produced the variability in
sublittoral rock textures
DIAGENESIS
Introduction
Diagenesis of carbonate sediments and rocks includes
all processes that act on these materials after their final
deposition but before elevated temperatures and pressures
considered to be within the realm of metamorphism (Blatt
Rocks of the upper Mission Canyon andand others, 1980).
Charles Formations in Big Stick and T.R. Fields have been
affected to varying degrees by numerous diagenetic
Some of the resultant features, not readilyprocesses.
apparent during core examinations, were observed during
detailed examinations of numerous thin sections. It is
stressed that on a microscopic level, rocks examined during
this study exhibit complex diagenetic relations.
Micritization
Micritized carbonate grains are present in the
skeletal-peloidal carbonate and grainstone lithotypes.
Micritization probably occurred as a result of the repeated
boring into a grain by endolithic algae or fungi, followed
by vacation of the bore and filling of it by micrite
(Bathurst, 1975, p. 383). Micritization is known to occur
at the sediment-water interface (Kob1uk and Rich, 1977),
and may extend downward to more than a metre beneath the
sediment surface (May and Perkins, 1979).
Skeletal grains and ooids of the grainstone lithotype
and some skeletal grains of the echinoderm wackestone-
packstone lithotype show varying degrees of micritization.
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Micritization of these grains ranges from nearly complete
replacement with most of the original structure destroyed
to incomplete replacement with the. formation of micrite
envelopes (Figs. 24 and 25). Skeletal grains that are
completely micritized may become rounded to sub rounded and
appear as peloids (Kobluk and Kahle, 1978, p. 371).
Completely micritized skeletal grains probably account for
a portion of the peloidal grains observed in the studied
section.
Compaction
Mechanical and chemical compaction features were
observed in rocks examined during this study. Mechanical
compaction featur'~s include broken shells, flattened
burrows, horizontally-aligned grains, and abundant organic
wisps that are often draped around less compactable
elements (Figs. 26 and 27). These mechanical compaction
features were observed in the echinoderm wackestone-
packstone, dolomudstone, dolomitic echinoderm wackestone
and skeletal-peloidal carbonate lithotypes.
Compaction experiments by Shinn and Robbin 1983) seem
to indicate that significant mechanical compaction of
uncemented, shallow-water carbonate sediment occurs at
In Shinn andburial depths of as little as 328 ft (100 m).
Robbins's (1983) study, compactiona1 features such as
flattened burrows, horizontally-aligned grains, and organic
wisps showed no significant change in morphology below
pressures equal to 1000 ft 305 m) of overburden. These
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Figure 24. Photomicrograph of the skeletal-peloidal
carbonate lithotype showing intensely micritized allochems
Some remnant structures in less-micritized grains indicate
many of the grains were originally skeletal grains. Bar
scale is 0.04 in. (1 rom) long. NDGS 6701 at 9122 ft (2781
m) .
Figure 25. Photomicrograph showing a thin, micrite
envelope (arrow) surrounding an entire echinoderm grain in
the skeletal-peloidal carbonate lithotype. Note that
subsequent partial dissolution of the grain resulted in a
solution-enlarged, intrapartic1e pore (P). Bar scale is
0.02 in. (0.5 rom) long. NDGS 7125 at 9338 ft (2847 m).
Figure 26. Core photograph showing a mechanical compaction
feature within the dolomitic echinoderm wackestone
lithotype. The draped laminae around the burrow indicate
that preferential dolomitization during the early stages of
mechanical compaction made the burrow more rigid than the
surrounding sediment during continued mechanical
compaction. Bar scale is 1.2 in. (3 cm) long. NDGS 7465
at 9420 ft (2872 m).
Figure 27. Photomicrograph of the echinoderm wackestone-
packstone lithotype showing the horizontal alignment of
skeletal grains surrounding a more rigid dolomitized burrow
(B) similar to that shown in Fig. 26. Grains within the
burrow are randomly oriented and lesa concentrated due to
greater rigidity within the burrow. Bar scale is 0.04 in.
(1 mm) long. NDGS 7446 at 9397.5 ft (2865 m).
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features were found to closely resemble those of ancient
rocks.
Beach and Schumacher (1982) reported that numerous
i.e., horizontally-aligned grainscompactional features
burrows, organic wisps, broken fossils, and draping
are present in shallow-water Mississippianeffects
Calculations bycarbonates of Stanley Field, North Dakota.
1982) showed that mechanicalBeach and Schumacher
compaction of these sediments was essentially complete by
time the rocks were subjected to 820 ft (250 m) of
burial.
Features in rocks of the upper Mission Canyon
Formation in Big Stick and T.R. Fields are similar to those
Mechanical compaction appears to havedescribed above.
been most effective in uncemented sublittoral deposits.
Mechanical compaction probably occurred down to depths
similar to those described by Shinn and Robbin 1983), and
Beach and Schumacher 1982). It appears, however, that
diagenetic modification during the early stages of
compaction prevented some areas from being compacted. For
example, burrows that were subjected to replacement by
dolomite or chert during the early stages of mechanical
compaction were relatively unaffected by continued
compaction as compared to nonreplaced areas Fig- 26)
This is shown by the draping of surrounding sediment around
less compactable chert nodules and dolomitized burrows.
Chemical compaction occurred as pressure solution
within carbonate rocks of the upper Mission Canyon
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Formation in Big Stick and T.R. Fields (Figs. 28 through
Pressure solution responses include sutured-seam31).
and non-solution stylolites, grain contact sutures
sutured seam solution (microstylolites and microstylolite
swarms}, based on the classification of Wanless (1979).
Pressure solution is one type of limestone response to
overburden or tectonic stress (Bathurst, 1975; Wanless,
The lack of tectonic deformation within the1979).
Williston Basin, present depth of burial of between 9200
3340 and 3485 m), and horizontal orientationand 9600 ft
of stylolite seams indicate that stylolitization of the
upper Mission Canyon rocks in Big Stick and T.R. Fields
resulted from overburden stress
Sutured-seam stylolites and grain contact sutures are
common in limestones of the echinoderm wackestone-
packstone, grainstone and skeletal-peloidal carbonate
lithotypes (Figs. 28 and 29 and only occasionally present
in the dolomudstone and dolomitic echinoderm wackestone
The sutured-seam stylolites arelithotypes (Fig. 30).
sharp-peaked to undulatory surfaces with relief between
adjacent pillar and sockets as large as 8 in. 20 cm). The
surfaces often contain a thick zone of insoluble residue
Microstylolites and microstyloliteand authigenic pyrite.
swarms commonly are associated with sutured-seam stylolites
in the echinoderm wackestone-packstone lithotype.
Coalescive masses of microstylolites often comprise the
Fryburg gamma-ray marker (Fig- 31
The type of pressure solution response may be
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Figure 28. Core photograph of a high amplitude sutured-
seam stylolite within the echinoderm wackestone-packstone
lithotype. Note the relatively more resistant coral
(arrow) positioned along the solution interface. Bar scale
is 1.2 in. (3 cm) long. NDGS 6701 at 9190 ft (2802 m).
Figure 29. Photomicrograph of a sutured-seam stylolite
in the grainstone lithotype. Rock has been cemented by
anhydrite (A), and ooid laminae have been selectively
replaced by dolomite (D). The stylolite (arrow) can be
traced through the anhydrite indicating that cementation
predates stylolitization. Bar scale is 0.04 in. (1 mm)
long. NDGS 7355 at 9535.5 ft (2907 m).
Figure 30. Core photograph of a high amplitude sutured-
seam stylolite in the dolomudstone lithotype. Bar scale is
1.2 in. (3 cm) long. NDGS 10610 at 9411 ft (2869 m).
Figure 31. Core photograph of the Fryburg gamma-ray marker
within the dolomudstone lithotype. The bed has a finely
laminated appearance with dolomitic lenses (D), abundant
anastomosing sutured-seam stylolites and microstylolite
swarms. Bar scale is 1.2 in. (3 cm) long. NDGS 6701 at
9146 ft (2788 m).
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dependent on the structural resistivity of the rock and the
Sutured-presence of insoluble impurities (Wanless, 1979).
seam responses are thought to form within structurally
resistant rock units containing little or no insoluble
Irregularity of the solution surface is producedmaterial.
by adjacent elements of varying structural resistance (Fig-
Non-sutured seam responses occur in both resistant
responsive rock units that contain a significant amount
of insoluble materials such as clay, platy silt, and
They form anastomosing swarms ofcarbonaceous material.
thin seams and may be associated with dolomitization
(Wanless, 1979
Early cementation is probably responsible for the
structural rigidity in the grainstone and skeletal-peloidal
carbonate lithotypes and the resultant sutured-seam response
(Buxton and Sibley, 1981; Fig. 29). Sutured-seam
stylolites in relatively uncemented sublittoral rocks
(dolomudstone, dolomitic echinoderm wackestone, and
echinoderm wackestone-packstone lithotypes (Fig- 30) may
be present in areas that developed a rigidity due to
dolomitization or neomorphism. Upon dolomitization of
muddy lime sediments, newly formed dolomite crystals may
act as a rigid framework for pressure-solution (Wanless,
Abundant microstylolites in the less439).1979, p.
dolomitized echinoderm wackestone-packstone and skeletal-
peloidal carbonate lithotypes may be due to a high organic
content, as evidenced by the numerous organic wisps
up to 50\ illite present in the FryburgAbundant clays
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gamma-ray marker probably were responsible for the
formation of coalescive microstylolites, which are
Wey1 (1959)characteristic of this marker Fig. 31).
demonstrated that the presence of clay minerals may result
in increased pressure solution by facilitating diffusion of
dissolved materials away from points of stress
The formation of stylolites is an important process
because of associated vertical thinning of the rock,
development of permeability barriers which may influence
oil reservoirs, and the liberation of carbonate for
Thick insolublecementation (Bathurst, 1975, p. 459).
stylolite seams and high amplitudes are suggestive of
significant rock removal in the studied section
Quantitative analysis of this removal, however, is beyond
the scope of this study. The formation of stylolites with
progressive burial is common after the cessation of
mechanical compaction (Shinn and Robbin, 1983). In the
studied section, stylolitization appears to have occurred
after most mechanical compaction
From the presence of the numerous compaction features,
it may be inferred that compaction has altered the texture
of these rocks. As a result, some of the packstone
textures observed in the echinoderm wackestone-packstone
lithotype may have been produced by the mechanical and
chemical compaction of primary wackestone textures.
Detrital components of the Fryburg gamma-ray marker were
also concentrated by mechanical and chemical compaction as
evidenced by compacted clays, horizontally-aligned grains,
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and abundant stylolites
Cementation
Cement within rocks of the upper Mission Canyon
Formation in Big Stick and T.R. Fields consists of calcite,
Cements generallysaddle dolomite, anhydrite and chert.
occlude primary and secondary pores in the skeletal-
peloidal carbonate, and laminated carbonate lithotypes, and
secondary pores in the dolomudstone, dolomitic echinoderm
wackestone and echinoderm wackestone-packstone lithotypes.
Calcite cement occurs as isopachous grain coatings,
syntaxial overgrowths, and coarse crystalline, equant
poikilitic pore-fillings (Figs. 32 through 35).
Isopachous, grain-coating cement is limited to the
grainstone lithotype (Fig. 32). Similar cement is observed
.
in modern, shallow-marine carbonate environments and is
usually composed of fibrous or bladed varieties of
(Harris andaragonite or magnesium calcite, respectively,
others, 1985, p. 87~ Bathurst, 1975). ISopachous cement
forms in agitated, shallow-marine, sublittoral environments
in which marine waters are able to pass through the
sediments by wave or current activity (Longman, 1980, p
The fine-grained, elongate habit of these early464).
a rapid crystallizationmarine cements may be due to 1
rate and inhibition of sideward growth by magnesium
that are incorporated into the crystals (Folk, 1974), or
2) rapid crystallization and the availability of abundant
carbonate ions at growth sites (Given and Wilkenson, 1984).
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Figure 32. Photomicrograph of calcite cement in the
grainstone lithotype. Sharp contact separates isopachous
cement (C) from equant spar cement (S) which occludes the
interparticle area. Bar scale is 0.02 in. (0.5 mm) long.
NDGS 7355 at 9535.5 ft (2907 m).
Figure 33. Photomicrograph of equant calcite cement in
the skeletal-peloidal carbonate lithotype. Bar scale is
0.04 in. (1 mm) long. NDGS 9486 at 9525 ft (2904 m).
Figure 34. Photomicrograph showing syntaxial overgrowth
cement (0) developed on an e~hinoderm grain within the
skeletal-peloidal carbonate lithotype. Bar scale is 0.04
in. (1 mm) long. NDGS 9486 at 9525 ft (2904 m).
Figure 35. Photomicrograph showing poikilitic calcite
cement (C) in the dolomudstone lithotype. Bar scale is
0.04 in. (1 mm) long. NDGS 8055 at 9388 ft (2862 m).
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Equant calcite cement occurs within some interparticle
areas of the grainstone and skeletal-peloidal carbonate
Figs. 32 and 33). This equant cement may havelithotypes
formed by slow crystallization in an environment with a low
magnesium content or in an environment that was under-
saturated with respect to carbonate ions. Large spar
crystals which formed in such an environment extend to the
edges of pores and abut against earlier-formed isopachous
marine cement (Fig
Syntaxial overgrowth cement is limited to unmicritized
surfaces of echinoderm grains found within the skeletal-
poikilitic calcitepeloidal carbonate lithotype (Fig- 34).
cement occurs as a late-stage secondary pore-filling (Fig-
35) in all lithotypes except the anhydrite lithotype.
Saddle dolomite, also known as baroque dolomite, late
ferroan dolomite, and white sparry dolomite (Radke and
Mathis, 1980, p. 1150), occurs in minor amounts as coarse
Figs. 36 and 37) in allcrystalline, void-filling cement
lithotypes except the anhydrite lithotype, but is most
In thin section, thecommon in the dolomudstone lithotype.
saddle dolomite cement exhibits sweeping extinction
"spear-shaped" cross-sectional outline, and curved crystal
faces, all of which are diagnostic features of this crystal
form (Radke and Mathis, 1980). Saddle dolomite cement was
emplaced relatively late in the burial history of the
It occurs as a passively precipitated, void-rock.
filling cement occluding solution-enlarged, interparticle
rarely, as a filling along sutured-seampores, and,
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Figure 36. Photomicrograph showing saddle dolomite cement
(D) in the skeletal-peloidal carbonate lithotype. Note the
characteristic "spear shaped" outline. Bar scale is 0.02
in. (0.5 rom) long. NDGS 6701 at 9106 ft (2776 m).
Figure 37. Photomicrograph showing saddle dolomite cement
in the grainstone lithotype. After dolomite replacement of
isopachous cement (arrow), solution-enlarged interparticle
pore was occluded by saddle dolomite (D). Note the
undulatory extinction of the saddle dolomite. Bar scale is
0.04 in. (1 mm) long. NDGS 7149 at 9384 ft (2861 m).
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stylolites. Similar occurrences of saddle dolomite are
cited by Radke and Mathis (1980, p. 1157, Table 1
Features commonly associated with saddle dolomite include
epigenetic sulfide mineralization, sulfate-bearing
carbonates, and hydrocarbon reservoirs. Of these, the
latter two are associated with the saddle dolomite in
Mission Canyon rocks of Big Stick and T.R. Fields.
Anhydrite occurs as a random, coarse crystalline to
poikilitic cement occluding interparticle pores within
the grainstone lithotype, and secondary intercrystalline
pores within the dolomudstone and dolomitic echinoderm
wackestone lithotypes Fig. 38). Anhydrite cementation
occurred after initial dolomitization and may have been
contemporaneous with the late-stage, anhydrite replacement
of allochems.
Chert occurs locally as an interparticle, grain-
coating cement associated with zones of chert replacement
within the skeletal-peloidal carbonate lithotype (Fig-
39 Chert cement also occurs in minute amounts
disseminated within intercrystalline pores throughout the
matrix of the dolomudstone and dolomitic echinoderm
wackestone lithotypes. Chert cementation was subsequent to
dolomitization, but prior to anhydrite cementation.
Disseminated chert cement within the dolomudstone
lithotype, and chert nodules in the echinoderm wackestone
lithotype, precipitated after the formation of
inter crystalline pores as a result of dolomitization.
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Figure 38. Photomicrograph of anhydrite cement in the
grainstone lithotype. Original isopachous calcite cement
was replaced by dolomite (arrow). Subsequent cementation
by anhydrite (A) and calcite (C) occluded the remaining
pore. Bar scale is 0.04 in. (1 rom) long. NDGS 7149 at
9385 ft (2861 m).
Figure 39. Photomicrograph of chert cement in the
skeletal-peloidal carbonate lithotype. Note the dolomite
rhombohedron within the open pore. Bar scale is 0.02 in.
(0.5 rom) long. NDGS 6701 at 9117.5 ft (2780 m).
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Fracturing
Fractures occur within the laminated carbonate,
grainstone, skeletal-peloidal carbonate, and echinoderm
wackestone-packstone lithotypes (Figs. 40, 41 and 42).
Fractures in the laminated carbonate lithotype are
generally filled by calcite and dolomite Figs. 40 and 41
The dolomite-filled fractures in the laminated carbonate
lithotype are truncated by celestite and crystallotopic
anhydrite indicating that the fractures were formed prior
to dolomitization and the emplacement of celestite and
crystallotopic anhydrite. Dolomite and anhydrite-filled
fractures in the grainstone and laminated carbonate
lithotypes Figs. 13 and 41 suggest that these fractures
acted as conduits for dolomitizing fluids, and for sulfate'
rich fluids which precipitated poikilitic anhydrite cement.
The early timing and lithologic occurrence of these
fractures indicates that they probably developed in early
cemented deposits in response to initial overburden stress.
Calcite-filled fractures in the skeletal-peloidal
carbonate lithotype (Fig. 42) crosscut microstylolites and
are filled by late-stage poikilitic calcite cement. These
fractures, therefore, developed after the formation of the
microstylolites
Fractures present in the echinoderm wackestone-
packstone lithotype are calcite-filled and are closely
associated with sutured-seam stylolites. These fractures,
which originate at a stylolite surface, are present only
within a few inches of the stylolite and are oriented
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Figure 40. Photomicrograph of a dolomite and calcite-
filled fracture in the laminated carbonate lithotype.
fracture predates crystallotopic anhydrite (A) and
celestite (C) replacements. Bar scale is 0.04 in. (1 rom)
long. NDGS 7446 at 9311 ft (2839 m).
The
Figure 41. Photomicrograph of a dolomite (D) and calcite
(C)-filled fracture in the skeletal-peloidal. carbonate
lithotype. Bar scale is 0.04 in. (1 mm) long. NDGS 7544
at 9640 ft (2939 m).
Figure 42. Photomicrograph of calcite-filled fracture
in the skeletal-peloidal carbonate lithotype. This
fracture crosscuts microsty1o1ites (arrow). Note how spar
permeates outward to fill interparticle and intrapartic1e
pores (P). Bar scale is 0.04 in. (1 mm) long. NDGS 8055
at 9348 ft (2850 m).
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roughly perpendicular to the solution surface. Fractures
of this type that are formed parallel to the maximum stress
direction are called "tension gashes" (Nelson, 1981).
Nelson (1981, p. 2420) states that tension gashes are
produced during stylolitization by extensional forces that
develop parallel to the minimum stress direction. Nelson
further concluded (p. 2420) that tension gashes only develop
in rocks that are subjected to slow tectonic processes
In Big Stick and T.R. Fields, tension gashes may be
the result of minor deformational stress produced during
the formation of the Billings Anticline. Structure maps by
Anderson 1966) indicate that the Billings Anticline was
active during Late Cretaceous time. Some stylolitization
and associated fracturing in Mission Canyon rocks examined
during this study, therefore, may have occurred during the
Late Cretaceous.
To summarize, two types of fracturing were identified:
.1 early fracturing in early-cemented perilittoral rocks
probably in response to initial overburden stresses
developed prior to dolomitization; and 2) late, burial
fracturing related to the formation of stylolites in
sublittoral rocks, possibly related to the formation of the
Billings Anticline.
Replacement
Replacement features discussed in this section are
limited to replacement of carbonate by anhydrite, saddle
dolomite, and silica. Although other types of replacement,
109
such as dolomitization and dedolomitization, were observed,
they will be discussed in separate sections
The grainstone, laminated carbonate, skeletal-peloidal
carbonate, and anhydrite lithotypes exhibit both fabric and
non-fabric selective anhydrite replacement that occurred
during at least two separate replacement episodes; one
prior to or during epigenetic dolomitization and one after
epigenetic dolomitization. During the first episode,
skeletal grains such as ostracodes in the laminated
carbonate lithotype, were replaced, and nodules of felted
anhdyrite were formed (Fig. 16). Although these nodules
are displacive, they are discussed here because of a
possible gypsum precursor. The second episode of anhydrite
replacement was responsible for the formation of blocky,
crystallotopic anhydrite (Figs. 40 and 43). Replacive
anhydrite of this type is common in the dolomudstone and
dolomitic echinoderm wackestone lithotypes and rare in the
echinoderm wackestone-packstone lithotype. In the dolo-
mudstone and dolomitic echinoderm wackestone lithotypes,
many skeletal grains appear to have been replaced by
anhydrite after epigenetic dolomitization (Fig. 44).
Irregularly shaped nodules of anhydrite occur
exclusively within the dolomudstone lithotype (Figs. 10
and 45). These nodules occur as both matrix replacive and
matrix displacive features often containing interspersed
coarsely crystalline saddle dolomite and poikilitic calcite
cement. The nodules occur within an approximately 30 ft
(9.2 m) section centered around the position of the Fryburg
110
Figure 43. Core photograph of the laminated carbonate
lithotype showing crystallotopic anhydrite emplaced within
algal laminations. Bar scale is 1.2 in. (3 cm) long. NDGS
7446 at 9316 ft (2840 m).
Figure 44. Photomicrograph of allochem replacements in the
dolomudstone lithotype. The echinoderm grain on the left
side of the photo is replaced by saddle dolomite (D) (note
that the left side of the grain is beginning to go extinct
due to undulatory extinction which is typical of saddle
dolomite). The echinoderm grain on the right side of the
~hoto was replaced by anhydrite (A) and subsequently
partially leached to form a moldic pore (P). Bar scale is
0.04 in. (1 rom) long. NDGS 8055 at 9385 ft (2861 m).
Figure 45. Photomicrograph of a displacive nodule in the
dolomudstone lithotype. This nodule was originally
composed of felted anhydrite (A), and later partially
leached and cemented by saddle dolomite (0). The remaining
open pores were later occluded by poikilitic calcite (C).
Bar scale is 0.04 in. (1 rom) long. NDGS 7510 at 9354 ft
(2852 m).
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gamma-ray marker.
Irregularly shaped, micritic inclusions suggest that
anhydrite nodules formed within the sediment during the
most saline conditions that developed within the restricted
sublittoral environment (T2 in Fig. 22). Elevated salinity
conditions which developed in this environment may have
temporarily reached a point at which evaporite nodules (now
anhydrite) could have grown penecontemporaneously within
the sediment.
Saddle dolomite commonly replaces echinoderm and
ostracode grains within the dolomudstone lithotype (Fig.
44). Replaced skeletal grains are well preserved, show
good undulatory extinction, curved crystal faces, and under
close examination exhibit zigzag crystal edges. These
characteristics are diagnostic of a cross-sectional view of
saddle dolomite (Radke and Mathis, 1980).
Replacement of calcite matrix and allochems by silica
occurs within occasional, brown, ovate nodules in the
skeletal-peloidal carbonate lithotype, thin lenses in the
laminated carbonate lithotype, and occasional, light gray
nodules within the echinoderm wackestone-packstone litho-
type (Figs. 46 and 47 Well-preserved textural elements
within some silicified areas, as compared to the
surrounding rock, indicate replacement occurred prior to
complete dolomitization. Draping of surrounding sediment
around chert nodules indicates silicification predated
significant compaction.
Conditions favorable for the simultaneous solution
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Figure 46. Core photograph of a chert nodule (CH) in
the skeletal-peloidal carbonate lithotype. Note how the
later-formed stylolites wrap around the nodule. Bar scale is
2 in. (5 cm) long. NDGS 6995 at 9328 ft (2844 m).
Figure 47. Core photograph of a chert nodule (CH) in the
echinoderm wackestone-packstone lithotype. Bar scale is 2
in. (5 cm) long. NDGS 6701 at 9163 ft (2794 m).
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of calcite and precipitation of silica include a relatively
low pH, low temperature, and saturation of the pore
solution with silica (Blatt and others, 1980, p. 503). No
direct evidence of a source for the silica in Mission
Canyon strata of Big Stick and T.R. Fields was obtained
during this study. Thayor 1983) stated that chert in the
Madison Limestone may have originated from siliceous
organisms. Although no siliceous organisms were found
during this study, they were abundant during the Paleozoic
(Knauth, 1979), and could have comprised a portion of the
original sediment.
Dissolution of detrital quartz grains may have been a
source for some silica in the study area. The numerous
quartz-rich marker beds in the Mission Canyon Formation
indicate that detrital quartz deposits were present during
late Mission Canyon time in the Williston Basin area
Fine-grained, wind-blown quartz from these sources may have
been incorporated in the sediment within the study area.
Dolomitization
Dolomitization is one of the most prominent
diagenetic processes that modified rocks of the upper
Mission Canyon and l.ower Charles Formations in Big Stick
and T.R. Fields. Varying degrees of dolomitization
occurred throughout the studied section resulting in
secondary porosity development favorable for the trapping
of hydrocarbons.
Dolomite occurs within all lithotypes in varying
Petrographically, the dolomite identifiedproportions.
during this study can be separated into three types: 1)
microcrystalline dolomite, consisting of cloudy, subhedral
to euhedral rhombohedra less than 20 microns in diameter
(Fig- 48); 2) sucrosic dolomite, consisting of limpid and
cloudy, anhedral to euhedral rhombohedra between 20 and 120
saddle dolomite(Fig. 49); and 3microns is diameter
Figs. 50 and 51).
Microcrystalline dolomite occurs as dolomitic wisps in
the anhydrite lithotype, selectively replaces matrix of the
dolomudstone lithotype, and replaces matrix and allochems
Sucrosic dolomitein the laminated carbonate lithotype.
replaces matrix and allochems in the echinoderm wackestone-
packstone, dolomitic echinoderm wackestone, and skeletal-
peloidal carbonate lithotypes, selectively replaces matrix
in the dolomudstone lithotype, and replaces allochems and
isopachous cement in the grainstone lithotype
Saddle dolomite occurs in all lithotypes except the
anhydrite lithotype, but is most commvn in the dolomudstone
lithotype. Saddle dolomite occludes moldic and inter
crystalline pores, selectively replaces allochems, and
replaces anhydrite nodules and matrix.
Dolostone (>50% dolomite) occurs within the dolomud-
stone, dolomitic echinoderm wackestone, and laminated
The distribution of dolostone alongcarbonate lithotypes.
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Figure 48. Photomicrograph showing microcrystalline
dolomite in the dolomudstone lithotype. Bar scale is 0.04
in. (1 mm) long. NDGS 8055 at 9388 ft (2862 m).
Figure 49. Photomicrograph showing sucrosic dolomite ~n
the dolomitic echinoderm wackestone lithotype. Bar scale
is 0.04 in. (1 mm) long. NDGS 7544 at 9640 ft (2939 m).
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Figure 50. Photomicrograph showing saddle dolomite in the
dolomudstone lithotype that replaces an anhydrite nodule
(an anhydrite inclusion is shown by the arrow). Note the
curved crystal face and undulatory extinction of the saddle
dolomite. Bar scale is 0.02 in. (0.5 rom) long. NDGS 7355
at 9583 ft (2922 m).
Figure 51. Photomicrograph showing saddle dolomite (D)
partially occluding a moldic pore (P) created by the
partial dissolution of replacive anhydrite (A). Bar scale
is 0.04 in. (1 mm) long. NDGS 7986 at 9362 ft (2854 m).

north-south and east-west cross-sections through Big Stick
and T.R. Fields is shown in Figures 52 and 53. Dolostones
occur immediately below the anhydrite lithotype as thin
units within the laminated carbonate lithotype (littoral
flat deposits). These dolostones consist predominantly of
microcrystalline dolomite less than 10 microns in diameter.
Dolostones also occur lower in the sublittoral section as
laterally persistent units within the dolomudstone and
dolomitic echinoderm wackestone lithotypes restricted and
normal marine rocks). These sublittoral dolostones are
composed of either microcrystalline or sucrosic dolomite,
Saddle dolomite isor varying proportions of both types.
most abundant in these sublittoral dolostones. Below the
lowest sublittoral dolostone unit, the abundance of
dolomite decreases downward.
Geochemistry
A total of 131 electron microprobe analyses were used
in order to characterize the stoichiometry of the different
Appendix C).dolomites types Calcium and magnesium
proportions of the microcrystalline dolomite are nearly
equal, with an average of Ca.5l Mg.49, and range of betw~en
Ca.52 Mg.48 and Ca.49 Mg.51. Sucrosic dolomite is also
nearly stoichiometric, with an average composition of Ca.5l
Mg.49, and range from Ca.53 Mg.47 to Ca.51 Mg.49.
Saddle dolomite was found to be enriched in calcium, with
an average composition of Ca.53 Mg.47, and a range
between Ca.55 Mg.45 and Ca.51 Mg.49. This composition of
saddle dolomite is in agreement with the expected
122
Figure 52. North-south cross-section through Big Stick and
T.R. Fields showing the distribution of dolostone.
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Figure 53. East-west cross-section through Big Stick and
T.R. Fields showing the distribution of dolostone.
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composition of saddle dolomite as stated by Radke and
Mathis 1980), who maintained that saddle dolomite should
be slightly calcium-enriched due to the occupation of
magnesium sites by larger calcium ions. Substitution of
calcium for magnesium during crystal growth results in the
formation of warped crystal lattices. Warped lattices are
also responsible for the curved crystal faces and
undulatory extinction which are characteristic of saddle
dolomite
Processes that have been proposed to explain
dolomitization include: 1 primary precipitation; 2)
evaporative reflux (or seepage reflux): 3 evaporative
4) mixing of fresh and marine water; and 5) deeppumping:
burial brines. A model for dolomitization within the upper
Mission Canyon and lower Charles Formations is shown in
Figure 54, and will be referred to during the following
discussion
Microcrystalline dolomite in rocks of the anhydrite
lithotype and cryptalgal rocks of the laminated carbonate
lithotype formed in arid upper littoral and supralittoral
environments. These dolomitized rocks comprise the thin
dolostone units immediately underlying the anhydrite
deposits (Figs. 52 and 53). Dolomite in these dolostones
consist of microcrystalline dolomite less than 10 microns
in diameter.
Holocene dolomites are produced in hypersaline supra-
littoral environments by evaporative pumping (McKenzie
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and others, 1980) and by penecontemporaneous replacement
(Illing and others, 1965; Shinn and others, 1965). These
modern dolomites are typically very fine-grained (less than
5 microns and generally occur within 3 ft (1 m) of the
sediment surface. Folk and Land 1975) stated that under
high salinity conditions, dolomite forms when the Mg/Ca
ratio exceeds 10:1. The small crystal size which results
is due to rapid crystallization. Microcrystalline dolomite
in the anhydrite lithotype and cryptalgal rocks of the
laminated carbonate lithotype are, therefore, interpreted
to have formed by penecontemporaneous replacement and
evaporative processes by rapid crystallization in a hyper-
saline supralittoral environment (Fig- S4 during latest
Mission Canyon and early Charles time (T3 through T4 in
Fig. 22).
Sucrosic dolomite in the skeletal-peloidal carbonate
lithotype is interpreted to have formed by meteoric and
marine water mixing in isolated mixing zones (discussed
later in upper sublittoral and lower supralittoral areas
(Fig. 54) during latest Mission Canyon time (T3). A
euhedral, limpid crystal form is considered by Folk and
Land (1975, p. 66 to be characteristic of mixed water
dolomite. When saline and freshwaters are mixed, the Mg/Ca
ratio remains the same but pollutant ions are diluted. As
a result, dolomitization can take place at a Mg/Ca ratio
Mixed wateras low as 1:1 (Folk and Land, 1975, p. 61).
dolomite is rare in the studied section, but, when found,
consists of euhedral, limpid rhombohedra associated with
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silicification.
An evaporative reflux process similar to that
described by Adams and Rhodes (1960) and Deffeyes and
others (1965) is considered to have been responsible for
most dolomitization in sublittoral rocks throughout the
upper Mission Canyon Formation in Big Stick and T.R
Fields. An evaporative reflux mechanism is favored over
other models due to: 1) the cloudy, generally matrix-
selective character of the dolomite; 2) the close
association of the thick dolomite section with overlying
evaporites; 3) the thin, widespread geometry of the
dolomitized rock body; and 4) the downward decrease of
dolomite abundances below the lowest dolostone.
Dolomitization by seepage reflux was first described
by Adams and Rhodes (1960) to explain the distribution of
dolomite in the Permian strata of West Texas. Similarly,
Deffeyes and others (1965) considered evaporative reflux to
be the mechanism responsible for the formation of dolomite
on the island of Bonaire, Netherlands Antilles. In these
settings it was suggested that high evaporation rates in
coastal lagoons concentrated sea water past the point of
gypsum precipitation, resulting in an increased Mg/Ca ratio
and increased specific gravity of the remaining brine
Density differences and the development of a hydraulic
head, allowed these brines to seep downward into underlying
sediments, displacing less dense pore waters and dolo-
mitizing the sediment. The supply of magnesium ions in the
evaporitic water bodies was replenished by water flowing in
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from the open ocean. This mechanism satisfies the
criteria for dolomitization; 1 a constant supply of
magnesium, and 2 a mechanism by which large volumes of
water can move through the sediment.
During early Charles time in the Big Stick and T.R
Fields (T4 in Fig- 22), high rates of evaporation in an
arid, supralittoral, pond environment probably promoted the
(Fig-precipitation of bedded massive CaSO4 (now anhydrite)
18). The resultant heavy brines, enriched in magnesium,
refluxed downward into underlying upper Mission Canyon
The influx of seawater duringsediments (Fig. 54).
periodic storms probably replenished the magnesium supply
of the ponds. The thickness of the lowest Charles
evaporite and known rates of sabkha sedimentation, up to 3
ft (1 m) of sediment with progradation rates of up to 0.6
mi (1 Km)/1000 yrs (Schreiber, 1981, p. 4), suggest that
the length of time represented by evaporite deposition, and
the supply of dolomitizing brine to the underlying
carbonate section, may represent at least 3.7 x 104 years.
with progradation of the supralittoral environments, the
underlying carbonate sediments were progressively exposed
to the refluxing brines resulting in the production of
laterally continuous dolostones present throughout
Stick and T.R. Fields (Figs. 52 and 53).
The early diagenetic character of the sediments
underlying supralittoral areas may have controlled the
degree to which the sediments where dolomitized. More
complete cementation in perilittoral deposits made them
132
less permeable to the dolomitizing brines. As a result,
perilittoral rocks (skeletal-pelodial carbonate and grain-
stone lithotypes possess a re~atively low percentage of
dolomite replacement. Refluxing magnesium-rich brines may
have migrated downward by way of early-formed fractures and
interparticle pathways within littoral flat and
perilittoral deposits, i.e., deposits of the grainstone
lithotype and cryptalgal deposits of the laminated
carbonate lithotype. Fractures and open interparticle
pores in these deposits acted as conduits for dolomitizing
fluids, resulting in the formation of dolomite-filled
fractures Figs. 40 and 41), and the dolomite replacement
of isopachous calcite cement (Fig- 38) and grain interiors
(Fig- 29)
With the continued downward migration of dolomitizing
brines, bioturbated restricted and normal marine sediments,
i.e., dolomudstone, dolomitic echinoderm wackestone, and
echinoderm wackestone-packstone lithotypes, were
dolomitized. The original, fine-grained textures in these
deposits probably caused extremely slow brine movement.
Enos and Sawatsky (1981 demonstrated that as the texture
of modern carbonate sediments becomes finer, porosity and
permeability increase and decrease, respectively. Enos and
Sawatsky (p. 964) also found that burrowing drastically
increases permeabilities and slightly increases porosities.
Intense burrowing of restricted marine deposits, therefore,
probably allowed increased brine movement, and more
complete dolomitization of these deposits. Micrite was
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selectively dolomitized due to its small grain size, which
allows more surface area to be affected by the brines
(Longman and Schmidtman, 1985).
A cloudy appearance was considered by Sears and Lucia
1980) to be characteristic of reflux dolomites in Silurian
rocks of the Michigan Basin. Similarly, reflux dolo-
mitization in Big Stick and T.R. Fields is interpreted to
have formed cloudy, microcrystalline dolomite and the
cloudy portions of sucrosic dolomite in restricted marine
mudstones and wackestones, respectively. Variability in
the size and shape of dolomite crystals is a function of
density of nucleation sites and mechanism of growth
(Gregg and Sibley, 1984, p.9l2). Microcrystalline dolomite
in the sublittoral rocks (Fig- 48) was probably produced as
a result of a high density of nucleation sites and rapid
growth, whereas coarser, sucrosic dolomite (Fig- 49 is the
resu.lt of a slower growth rate and fewer nucleation sites
(Fig- 54). The subhedral to euhedral crystals present in
dolomite types are the preferred crystal form at
relatively low temperatures of formation (Gregg and Sibley,
1984)
Due to neomorphic processes, the present chemical
composition of ancient dolomites is probably not
reflective of the original chemistry (Land, 1980).
Compositional determinations made during this study,
however, seem to delineate general neomorphic trends in the
dolomites and to better separate individual dolomite
phases.
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Recent dolomites associated with evaporitic settings
tend to be calcium-enriched (Illing and others, 1965:
Deffeyes and others, 1965). Gregg and Sibley (1985) state
that nonstoichiometry and small grain size of Recent
evaporite-related dolomites should make them highly
susceptible to neomorphic recrystallization. Based on the
dominance of stoichiometric compositions in ancient
dolomites, Lumsden and Chimahusky 1980 hypothesized that
ancient, unstable, nonstoichiometric dolomites may alter to
more stable stoichiometric forms with increasing age.
Microcrystalline and sucrosic dolomite within the
study area are presently nearly stoichiometric. If
evaporative dolomites in Big Stick and T.R. Fields were
originally calcium-enriched, then the present composition
may be a product of neomorphism. The greater chemical
variability of sucrosic dolomite as compared to micro-
crystalline dolomite may reflect the shorter time to
stabilize more recently formed neomorphic portions of the
sucrosic crystals. Limpid dolomite crystals and clear
portions of cloudy dolomite crystals associated with the
reflux dolomites in Big Stick and T.R. Fields, therefore,
may have been formed by burial neomorphism and enlargement
of preexisting microcrystalline and cloudy, sucrosic
dolomite. Many workers suggest that clear portions of
dolomite crystals may represent neomorphic overgrowths on
preexisting, cloudy crystals (Land, 1980).
Stabilization and enlargement of reflux dolomite took
place during deep burial (Fig. 54). Dolomite neomorphism
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probably involved numerous, complex processes. Detailed
study of the effects of dolomite neomorphism is beyond ~he
scope of this study and would require the use of refined
analytical procedures; however, two factors that may
have been influential are sulfate concentration and
pressure solution (Fig. 54). The formation of anhydrite
allochem replacements and cement in the dolomudstone
lithotype may have aided dolomitization by decreasing the
dissolved sulfate concentration in the pore fluids.
Decreased sulfate concentrations promote dolomitization by
removing the SO4- inhibitor (Baker and Kastner, 1981).
Calcium loss due to anhydrite precipitation would also
increase the Mg/Ca ratio in the pore fluids. Under burial
conditions Mg/Ca ratios as low as 1:1 may induce dolomite
formation (Folk and Land, 1975, p. 61).
Wanless 1979 reported that dolomite may form within
stylolitized areas due to the release of magnesium during
pressure solution. In the study area, the formation of
high-amplitude stylolites in previously dolomitized rocks
(Fig- 30) and the concentration of dolomite rhombohedra
within some stylolite seams suggests that stylolitization
liberated Mg-rich fluids. These fluids may have provided
the magnesium for the neomorphism of preexisting dolomite
and for the formation of saddle dolomite (Fig. 54).
The late-stage influx of freshwater into the study
area (see next chapter may have controlled the formation
of some saddle dolomite by 1 controlling the removal of
sulfate and 2 creating fresh and saline water mixing
conditions (Fig. 54). Saddle dolomite is strongly
associated with burial dissolution of anhydrite. Many
moldic pores created by anhydrite dissolution are now lined
by remnant anhydrite and partly occluded by saddle dolomite
The association of saddle dolomitecement (Fig. 51).
formation with sulfate dissolution was documented by Beales
and Hardy (1980). Beales and Hardy (p. 209) suggested that
saddle dolomite may form after the dissolution and removal
of sulfate by migrating, basin-derived, sulfate-depleted
solutions. The removal of inhibiting sulfate allowed the
subsequent precipitation of saddle dolomite
A process similar to that described by Beales and
Hardy 1980) may have formed some saddle dolomite in the
upper Mission Canyon rocks of Big Stick and T.R. Fields.
The common occurrence of saddle dolomite within the porous,
dolomudstone lithotype suggests that saddle dolomite
precipitation may have occurred in areas with low dissolved
sulfate concentrations due to the removal of sulfate by
migrating freshwater through these porous dolostones.
Combination of the freshwater and saline connate water may
also have promoted burial dolomite formation by a mixed
water process
Dissolution
Dissolution of primary and secondary components
contributed to the complex diagenetic patterns present in
the rocks studied. Dissolution affected the calcite and
anhydrite components to varying degrees in all lithotypes
except the echinoderm wackestone-packstone and anhydrite
lithotypes. Dissolution of skeletal grains, nonskeletal
grains and matrix within the grainstone and skeletal-
peloidal carbonate lithotypes (Figs. 25, 37 and 55)
created moldic, solution-enlarged interparticle, and
vugular porosity.
Partial dissolution of anhydrite-replaced skeletal
grains occurred in the dolomudstone and dolomitic echino-
derm wackestone lithotypes (Figs. 44 and 56). Dissolution
of anhydrite in these rocks is shown by the presence of
rectangular re-entrants and sharp projections along remnant
crystal edges, and the irregularity of birefringence
zonation along remnant crystal edges due to local
variations in the thickness of crystals (Fig. 56). These
features are considered by Schenk and Richardson 1985) t~
be evidence for anhydrite dissolution.
The occlusion of solution-enlarged interparticle and
moldic pores by saddle dolomite indicates that anhydrite
dissolution occurred prior to saddle dolomite cementation.
Neomorphism
The term "neomorphism" as originally proposed by Folk
(1965, p. 21 refers to all transformations between one
mineral and itself or a polymorph. Neomorphism may be
aggrading or degrading- Aggrading neomorphism involves the
growth of calcite grains by the gradual enlargement of all
grains (coalescive), or by the growth of a few large
crystals in a static groundmass (porphyroid)
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Figure 55. Photomicrograph showing moldic pores (P)
developed in the skeletal-peloidal carbonate lithotype due
to the dissolution of anhydrite-replaced allochems
(originally peloids?). Bar scale is 0.04 in. (1 mm) long.
NDGS 7446 at 9314 ft (2840 m).
Figure 56. Photomicrograph of the dolomitic echinoderm
wackestone lithotype showing a partially leached anhydrite
replacement (A). Partial dissolution is evidenced by a
rectangular re-entrant (R), sharp projections along crystal
edges (arrow), and irregularity of birefringence zonation
along crystal edges due to variations in crystal thickness.
Bar scale is 0.02 in. (0.5 mm) long. NDGS 6756 at 9390 ft
(2863 m).

(Folk, 1965, p. 22).
Although it is often difficult to distinguish between
primary, void-filling spar and neomorphic spar, several
features indicate that some rocks of the upper Mission
Canyon Formation in Big Stick and T.R. Fields have been
subjected to aggrading neomorphism (Figs. 57 and 58).
Petrographic evidence for neomorphism in these rocks
includes: 1) the irregular patches of crystal mosaics in
microcrystalline calcite~ 2) the extremely gradual to
abrupt contact between fine-grained matrix and secondary
spar; 3) crystal size in the spar, generally greater than 5
microns, is irregular and patchy from place to place; 4)
intercrystalline boundaries of the spar vary from curved to
wavy; 5) large crystals within sparry masses embay
adjacent micrite; and residual, irregular patches of6
micrite "float" in coarser spar. These features are
considered by Bathurst (1975, p. 484) to be criteria for
the recognition of neomorphic spar.
The occurrence of neomorphic spar is limited to
patchy areas within the dolomitic echinoderm wackestone
The originaland skeletal-peloidal carbonate lithotypes.
carbonate mud that was later lithified to form the bulk of
the rocks examined during this study, probably consisted of
tiny calcite polyhedra and needle-shaped aragonite grains
Such grains are characteristicless than 4 microns long-
of modern carbonate mud (Folk, 1965, p. 28). Conversion of
original aragonite to calcite was followed by aggrading
neomorphism.
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Figure 57. Photomicrograph showing neomorphic spar within
the dolomitic echinoderm wackestone lithotype. Due to the
aggrading neomorphism of some original micrite, the calcite
matrix is now composed of micrite (M), microspar (S), and
pseudospar (P). Dolomite crystal boundaries have a
corroded appearance (arrow) due to associated
dedolomitization. Bar scale is 0.02 in. (0.5 mm) long.
NDGS 6701 at 9114.5 ft (2779 m).
Figure 58. SEM photograph (secondary electron image)
showing neomorphic spar in the dolomitic echinoderm
wackestone lithotype. Two dolomite rhombohedra in the
center of the photograph are engulfed by a matrix composed
of equant grains of microspar mostly between 5 and 10
microns in diameter. Bar scale is 30 microns. NDGS 6756
at 9392 ft (2863 m}.
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Dolomite rhombohedra that were calcitized (dedolo-
mitized) by neomorphic spar indicate that neomorphism
Aggradingpostdated dolomitization of the carbonate muds.
neomorphism may have been promoted by the removal of
Folkmagnesium ions during an influx of fresher water.
(1974) suggested that magnesium ions surround carbonate mud
and retard neomorphic recrystallization. Removal of the
surrounding "magnesium cage" of ions allows the growth of
microspar and pseudospar.
Dedolomitization
Dedolomitization (calcitization) is the process in
which dolomite is replaced by calcite, the reverse of
dolomitization, by the hypothetical reaction (Lippman
1973, p. 150):
++ ++
+ Ca 2CaCO3 + MgCaMg (CO 3)2
Under the influence of a solution rich in calcium, dolomite
is converted to calcium carbonate with the above reaction
proceeding to the right
Evidence for dedolomitization within upper Mission
Canyon rocks of Big Stick and T.R. Fields includes corroded
dolomite rhombohedron edges and partial replacement of
rhombohedra with the original boundaries enclosed within
Two separate dedolomitization eventscalcite (Fig. 59).
1) dedolomitizationwere distinguished petrographically:
associated with calcite neomorphism in the dolomitic
echinoderm wackestone and skeletal-peloidal carbonate
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Figure 59. SEM photograph (secondary electron image) of
an etched sample of the dolomudstone lithotype showing the
replacement (dedolomitization) of a dolomite rhombohedron
(D) by secondary spar (S). Note the preservation of the
original rhombohedron crystal boundary (arrow) within the
calcite. Bar scale is 30 microns. NDGS 10610 at 9447 ft
(2880 m).
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lithotypes (Fig- 57); and 2) dedolomitization associated
with late poikilitic calcite cementation in the dolomud-
stone lithotype (Figs. 35 and 59)
Dedolomitization can occur anywhere conditions are
favorable for the above reaction to proceed to the right
Budai and others (1984) showed that dedolomitization can
occur in a variety of conditions including deep burial, and
that it is not limited to near-surface diagenetic settings
as suggested by many previous workers. The two episodes of
dedolomitization in Mission Canyon Rocks of Big Stick and
T.R. Fields occurred under burial conditions, after
epigenetic dolomitization, and during late-stage calcite
cementation, after or possibly during stylolitization.
DIAGENETIC HISTORY AND ENVIRONMENTS
Introduction
Rocks of the upper Mission Canyon and lower Charles
Formations in Big Stick and T.R. Fields were subjected to
near-surface and deep-burial diagenetic processes. As a
framework for subsequent discussion of diagenetic history
and environments, the postdepositional time-porosity terms
devised by Choquette and Pray 1970) are used.
postdepositional terms eogenetic and mesogenetic are
applicable to rocks examined during this study. Eogenetic
refers to the time immediately after final deposition
during which a deposit lies within the shallow burial zone
that is effected by surface processes. Mesogenetic
includes the time during which a deposit is buried below
the depth at which surface processes are effective.
Through detailed petrographic and SEM examinations, it
was recognized that the rocks examined during this study
were subjected to numerous diagenetic processes
complex temporal and spatial distributions. Many of the
diagenetic features are not visible in core samples and
require more detailed analysis. Figure 60 illustrates the
relative timing and distribution of diagenetic processes
Eogenetic Diagenesis
Eogenetic diagenesis of the upper Mission Canyon and
lower Charles Formations in Big Stick and T.R. Fields
andoccurred within sublittoral (agitated and stagnant
hypersaline vadose and phreatic zones (Fig. 61).
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Figure 60. Relative timing of diagenetic features and
their distribution within lithotypes. Lithotypes
correspond to the following: 1) echinoderm wackestone-
packstone: 2) dolomudstone: 3) dolomitic echinderm
wackestone: 4) grainstone: 5) skeletal-peloidal carbonate:
6) laminated carbonate: and 7) anhydrite.
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Figure 61. Shallow subsurface diagenetic zones present
during deposition of the upper Mission Canyon and lower
Charles Formations in Big Stick and T.R. Fields.
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In the sublittoral environment all pore spaces in the
Two near-sediment or rock are filled by marine water.
surface, diagenetic zones identifiable in the sublittoral
environment are an agitated zone in which water is forced
through the pores, and a stagnant zone in which little or
no water circulates through the pores (Longman, 1980, p.
Hypersaline vadose and phreatic environments464).
respectively refer to those areas above and below the water
Pores in thetable containing hypersaline pore water.
vadose diagenetic environment contain air and water,
whereas phreatic pores are completely filled by water
(Longman, 1980).
Near-surface diagenesis in sublittoral areas took
place predominantly under stagnant conditions (Fig- 61).
Agitated sublittoral conditions occurred only in isolated
areas near perilittoral shoals. The paucity of early
cement in sublittoral rocks is indicative of stagnant
conditions with very little movement of marine waters
In small, isolated, perilittoral areas,through the pores.
especially near ooid shoals, wave action forced water
through the sediment. Agitated conditions in these areas
isopachous, submarine cementation Fig-resulted in early,
32). Agitated conditions and resultant early cementation
caused these perilittoral deposits to be less affected by
mechanical compaction as compared to most sublittoral
sediments, which were subjected to stagnant conditions and,
therefore, remained uncemented
Evaporation and the reflux of hypersaline brines in
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supralittoral areas produced hypersaline vadose and
Hypersaline vadose conditionsphreatic zones (Fig. 61).
are indicated by the early growth of displacive anhydrite
nodules i~ cryptalgal deposits of the laminated lithotype
(Fig. 16). These disp1acive nodules and dolomite formed
penecontemporaneously in the sediment
An occasional influx of meteoric waters after periodic
rainstorms may account for the limited occurrence of
eogenetic equant and syntaxial calcite cements, and silica.
Syntaxial and equant calcite cements are commonly found in
meteoric-phreatic environments (Longman, 1980). Knauth
(1979) suggested that silicification in nearshore areas can
result from the mixing of meteoric and marine waters. The
development of small, isolated meteoric/marine mixing zones
may have resulted in the formation of nodules and lenses of
chert in perilittoral and lower littoral rocks of the upper
Mission Canyon Formation in Big Stick and T.R. Fields (Fig-
46). In the study area during latest Mission Canyon time
(T3 in Fig- 22), periodic rainstorms may have supplied
downward-moving, meteoric waters. These meteoric waters
may have become silica-enriched due to the dissolution of
quartz silt and storm-derived biogenic silica (most likely
sponge spicules) present within supralittoral sediments.
Silica-enriched meteoric water mixed with underlying marine
waters locally within perilittoral and lowest littoral
areas. Silica was precipitated in these mixing zones (Fig-
As progradation occurred, a sheet of sediment was61).
progressively exposed to isolated mixing conditions, which
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resulted in a silicification horizon (Fig- 62) consisting
of isolated nodules and thin lenses of chert (Figs. 39 and
The distribution of silica in mixing zones is46).
controlled by the distribution of porosity and
permeability, hydrologic flow, and nucleation factors
(Knauth, 1979). Limpid, sucrosic dolomite associated with
these silicification zones also formed by the mixing of
The preservation of sucrosicmeteoric and marine water.
dolomite crystals in chert indicates that chert
precipitated after the formation of mixed-water dolomite.
The rate of chert precipitation in the mixing zone and the
possible affects of subsequent diagenesis (such as reflux
dolomitization) are not known. Compaction features,
however, indicate chert was emplaced before significant
burial.
Chert nodules (Fig- 47) and disseminated, chert cement
within intercrystalline pores in the echinoderm wackestone-
packstone and dolomudstone lithotypes appear to be un-
Chert in the echinodermrelated to the mixed water zones.
wackestone-packstone and dolomudstone lithotypes may have
been derived from the dissolution of mixed-water chert or
some of the detrital, quartz silt in the Fryburg gamma-ray
marker.
Other eogenetic events included (Fig- 60): fracturing;
celestite replacement of calcium carbonate matrix: calcite
cementation; anhydrite cementation and replacement;
mechanical compaction; and dolomitization by penecon-
temporaneous, evaporative pumping, and reflux processes
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Figure 62. Fence diagram showing the distribution of
silicification within the upper Mission Canyon Formation
in Big Stick and T.R. Fields.
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The timing of eogenetic dolomitization and mechanical
compaction overlapped other eogenetic events. Dolo-
mitization by penecontemporaneous replacement and
evaporative pumping occurred early in eogenetic time
Reflux dolomitization and mechanical compaction operated
concurrently during most of that time. This is shown
in bioturbated, sublittoral rocks by the occurrence of both
early dolomitized, uncompacted burrows and compacted
burrows that were later dolomitized
Mesogenetic Diagenesis
Deep burial diagenesis is a controversial and little
understood topic in carbonate diagenesis, partly because it
is difficult to study directly. Prime determinants in
carbonate diagenesis are the nature of the pore fluids and
the rate of pore fluid movement (Blatt and others, 1980, p
489). The complex petrographic character and patchy
distribution of mesogenetic features within upper Mission
Canyon rocks in Big Stick and T.R. Fields are probably the
result of a dynamic pore fluid evolution that was affected
by various factors
Mesogenetic diagenesis includes calcite and dolomite
neomorphism, anhydrite dissolution, saddle dolomite precip-
itation, dedolomitization, pressure solution, fracturing,
calcite cementation, and hydrocarbon emplacement (Fig. 60).
Calcite neomorphism, dedolomitization, and anhydrite
dissolution are suggestive of an influx of relatively fresh
water during mesogenetic diagenesis. Groundwater movement
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through the Madison aquifer was shown by Downey (1984) to
originate in recharge areas to the west, migrate eastward
through the Madison aquifer in the Williston Basin, and
discharge on the eastern edge of the Basin (Fig. 63). Berg
Mitsdarffer 1986) reported the presence of a
stationary fresh water lens currently in the area of the
Billings Anticline~ A mesogenetic anhydrite dissolution
event within Mission Canyon rocks of Little Knife Field,
similar to the event in Big Stick and T.R. Fields, was
interpreted by Lindsay and Roth 1982) to represent a
freshwater influx after Laramide uplifting to the west
This indicates that mesogenetic anhydrite dissolution may
have been a regional process produced by the subsurface
charging of the Madison aquifer. Freshwater influx into
the Billings Anticline area, therefore, appears to have had
a large affect on mesogenetic diagenesis in Big Stick and
T.R. Fields.
Mesogenetic calcite cementation and hydrocarbon
emplacement (Fig- 60) may have also been the result of an
influx of fresh water and/or pressure solution. Calcite-
filled fractures associated with the stylolites in the more
calcareous rocks echinoderm wackestone-packstone
lithotype suggests that stylolitization supplied some of
The absence of tightly cementedlate calcite cement.
zones surrounding stylolites, however, indicates that
calcite-enriched solutions probably migrated away from the
stylolite until conditions conducive for precipitation were
encountered. Conditions favorable to calcite precipitation
159
Figure 63. Present flow directions, recharge areas and
discharge areas in the Madison aquifer in relation to the
study area. Modified from Downey (1984).
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also induced dedolomitization.
Porous zones (Fig. 64) are distributed as thin
horizons within the bioturbated restricted marine rocks,
and, rarely, within the perilittoral and normal marine
The present distribution of porosity appears torocks.
have been influenced by a combination of the depositional
character of the deposit, which may have controlled the
degree of reflux dolomitization, and the mesogenetic
modifications of eogenetic porosity by mesogenetic
dissolution and cementation. The preserved secondary
porosity, overlying Charles evaporite seal, and geographic
location on the Billings Anticline were favorable to the
Hydrocarbons in Mission Canyontrapping of hydrocarbons.
strata of Big Stick and T.R. Fields are most common in
bioturbated restricted marine rocks (dolomudstone
Hydrocarbons may have been derived from thelithotype).
Bakken or Lodgepole Formations (Lindsay and Roth, 1982),
and emplaced through a hydrodynamic mechanism
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Figure 64. Distribution of porous horizons with greater
than 8% density porosity within the upper Mission Canyon
Formation in Big Stick and T.R. Fields.

FURTHER STUDY
This study has resulted in the documentation of the
very complex, microscopic character of Mission Canyon rocks
Additional work on the diageneticin a localized area.
components, especially dolomite, with the use of isotopic
and trace element techniques may provide a better
understanding of the diagenetic system which operated.
Further study of the diagenetic features identified during
this project also needs to be expanded areally and
stratigraphically within the Basin in order to delineate
possible regional diagenetic trends. In addition, a
systematic, detailed examination of the Fryburg gamma-ray
within the Basinmarker (and other Mission Canyon markers
may shed light on their origin and significance.
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~..9~CLUSIONS
1) Based on the commonality of depositional and
postdepositional features, rocks of the upper Mission
Canyon and lower Charles Formations in Big Stick and T.R
Fields can be divided into seven lithotypes: 1) echinoderm
wackestone-packstone; 2) dolomudstone; 3) dolomitic
skeletal-peloidalechinoderm wackestone; 4 grainstone; 5
carbonate: 6 laminated carbonate; and 7 anhydrite.
2 The upper Mission Canyon and lower Charles
Formations in Big Stick and T.R. Fields represent carbonate
and evaporite sedimentation in a shallow epeiric sea.
3) The depositional history of the rocks studied
consists of 4 stages: middle to early-late Mission Canyon
time Tl characterized by normal marine deposition within
a shallow, low-energy, sublittoral environment; middle-late
Mission Canyon time (T2) with dominantly restricted marine
deposition under increased salinity, and possibly oxygen-
poor conditions within slight topographic depressions;
latest Mission Canyon time (T3 dominated by a complex of
perilittoral and littoral environments prograding basinward
(northwestward); and early Charles time (T4) with arid
supralittoral deposition on a sabkha and within isolated
evaporitic ponds.
4) The upper Mission Canyon and lower Charles
Formations in Big Stick and T.R. Fields were subjected to
numerous near-surface and burial diagenetic processes with
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complex temporal relations and spatial distributions.
S} Eogenetic diagenesis included micritization,
replacement, cementation, dissolution, fracturing, and
mechanical compaction
6) Shallow, subsurface diagenetic zones present
during deposition include: sublittoral stagnant zone;
small, isolated, agitated zones around perilitoral shoals;
small, periodically developed meteoric/marine mixing zones
in littoral and perilittoral areas; and hypersaline vadose
and phreatic zones in supralittoral areas.
Chert nodules and lenses in littoral and7)
perilittoral rocks were produced in small, isolated
meteoric/marine mixing zones.
8) The most prominent diagenetic process was
eogenetic dolomitization of sublittoral sediments through
an evaporative reflux mechanism. Minor amounts of dolomite
were also formed by penecontemporaneous, evaporative,
mixing and deep burial processes
9 Three types of dolomite in the studied section
are microcrystalline, sucrosic, and saddle dolomite
Geochemically, microcrystalline and sucrosic dolomite are
nearly stoichiometric, whereas saddle dolomite is slightly
calcium-enriched. Neomorphism appears to have resulted in
the enlargement and chemical stabilization of the early-
formed dolomites.
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Mesogenetic diagenesis included dissolution,
neomorphism, replacement, cementation, fracturing, pressure
solution and hydrocarbon emplacement.
The complex mesogenetic diagenesis was probably a
result of a dynamic pore fluid evolution that was affected
by regional paleohydrology of the Madison aquifer.
APPENDICES
APPENDIX A
LOCATIONS AND LEGAL DESCRIPTIONS OF CORED WELLS EXAMINED
The locations and legal descriptions of wells used for
core study are listed numerically by the North Dakota
Geological Survey (NDGS) well number. Locations are given
in the order of Township, Range, section, and quarter of a
quarter section.
LOCATIONWELL NAME
~! OPERATOR
141-101-23
SE SW
State 4-236701 Chambers
142-100-20
NWNW
Eg1y 1-206756 Tenneco
142-101-36
NW SE
Mystery Creek
A36-10
6995 Getty
141-101-1
NE SW
Mystery Creek
1-11
Getty
141-101-1
NE NW
Mystery Creek
1-3
Getty7121
141-101-1
NE SE
Mystery Creek
1-9
Getty
142-101-36
NW NE
Mystery Creek
A36-2
7125 Getty
142-100-7
SE SW
Stuart USA
5-7
Tenneco
142-101-25
NWNW
David USA
2-25
Tenneco7274
142-100-31
NWNW
Stuart USA
2-31
7296 Tenneco
142-100-20
SW NE
Egly 17355 Hunt
142-101-35
SE NE
David USA
1-35
7446 Tenneco
142-101-13
SE SE
Mohrle USA
1-13
Tenneco7452
142-100-32
SW NE
Federal 7-32Koch
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142-100-19
NWNW
Stuart USA
4-19
Tenneco
141-100-6
SW SW
Mystery Creek
B6-13Getty7510
142-100-30
NE NE
Stuart USA
3-30
7544 Tenneco
142-101-34
SE SW
Tanner USA
1-34
Tenneco7840
141-100-5
NE NW
Al Aquitaine BN 1-5
142-100-31
NE NE
Stuart USA
4-31
8055 Tenneco
141-101-13
NW NE
State 2A-15Canterra9486
142-101-25
SE NE
David 1-2510610 Tenneco
APPENDIX B
CORE AND THIN SECTION DESCRIPTIONS
Cores are arranged numerically by North Dakota
Geological Survey (NDGS) well numbers. Thin section
descriptions are indented and denoted by TS preceding the
depth. Depths given are those footages marked on cores
filed with the NDGS Wilson M. Laird Core and Sample Library
located on the University of North Dakota Campus.
Corresponding log depths are provided when direct
correlation is possible between the thin silty-shale bed
and the Fryburg gamma-ray peak on logs.
Core descriptions include the following: core depth in
feet; textural rock classification; lithology; color;
allochems (listed in order of decreasing abundance);
depositional structures; diagenetic features; type and
visually estimated percent porosity; and presence or
absence of oil staining-
Textures were based on Dunham's (1962) classification;
color was assigned by comparison to the GSA Rock Color
Chart (Goddard and others, 1980); anhydrite structural and
textural terms used are those of Maiklem and others (1969);
pressure solution features were based on the terminology of
Wanless (1979); and porosity types were classified
according to Choquette and Pray (1970).
Thin section were described with the use of a
polarizing microscope and microfiche reader. Thin section
descriptions include the following: core depth in feet:
descriptive rock name (allochems are listed in increasing
abundance): mineralogy (including visually estimated
abundance and mode of occurrence): allochems (in decreasing
abundance): depositional structures: diagenetic features:
and porosity types and visually estimated abundances. The
percent of dolomite was represented in the descriptive rock
name with the use of the following modifiers: slightly
dolomitic (10-20%): dolomitic (20-50%): and dolo prefix
added to the textural term (>50%).
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NDGS 16701
State 14-23
Jerry Chambers
T141N, R101W, Sec. 23, SE SW
T.R. Field
Core depth (9100-9209)
Log depth Same
9100-9103 Anhydrite; dolomitic; olive gray 5YR 4/1 to
light bluish gray 58 6/1; massive to bedded massive with
dolomitic wisps; no visible porosity.
9103-9110.5 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to olive gray 5Y 3/2; intraclasts,
calcispheres, and ostracodes; wavy, nonparallel beds from
9103 to 9107; intraclast-rich bed (4" thick) at 9109.5;
some allochems replaced by anhydrite; displacive, massive
beds (2" thick) and random nodules (less than 1/2" in long
dimension) of anhydrite; vertical, anhydrite-filled
fractures; 5-10\ intercrystalline and vugular porosity.
TS 9104.5 Laminated, peloidal, bioclastic dolomudstone to
dolowackestone; dolomite 85-90\ (pervasive,fine-
grained, cloudy replacement), anhydrite 10-15\
(matrix replacement), silica <1\ (chert cement);
peloids «0.5 mm), ostracodes, skeletal debris,
pellets «0.1 mm), and calcispheres; uneven,
wavy laminations; 5-10\ intercrystalline and
vugular porosity.
TS 9106 Laminated, intraclastic, bioclastic dolopack-
stone; calcite 5-10% (spar), dolomite 70-75%
(pervasive, fine grained, cloudy replacement, and
coarse crystalline, saddle dolomite cement),
anhydrite 10-15% (cement, allochem and matrix
replacement), silica 10-15% (chert and coarse
crystalline cement); intraclasts «0.5 mm),
calcispheres, ostracodes, forams and echinoderms;
allochems micritized; wavy laminations; 10-15%
interparticle, intraparticle and intercrystalline
porosity.
9110.5-9121.5 Wackestone; limestone; grayish black N2 to
brownish black 5YR 2/1; echinoderms, algae, and ostracodes,
rugose corals and calcispheres; upper 1 foot is algal-rich
bed; slightly bioturbated; horizontal and vertical
fractures; sutured-seam stylolites and microstylolites;
no visible porosity.
TS 9114.5 Slightly dolomitic, bioclastic wackestone;
calcite 80-85\ (micrite, allochems and spar),
dolomite 15-20\ (matrix selective, subhedral to
euhedral rhombs <40 microns commonly with
corroded rims); brachiopods, ostracodes, forams,
calcispheres, and algae; some allochems
micritized; no visible porosity.
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TS 9117.5 Silicified, bioclastic, pelletiferous packstone to
grainstone; calcite 70-75\ (allochems, spar and
micrite), dolomite 1-5\ (coarse crystalline,
saddle dolomite cement), anhydrite <.1\ (cement),
silica 20-25\ (chert cement); pellets «0.15 mm),
echinoderms, calcispheres, ostracodes and forams;
allochems micritized; 5-10\ interparticle and
intraparticle porosity.
TS 9121.5 Slightly dolomitic, bioclastic, peloidal
wackestone; calcite 85-90\ (allochems, micrite,
and spar), dolomite 10-15\ (matrix selective,
subhedral to euhedral, cloudy rhombs <80 microns
with corroded rims), anhydrite <1\ (cement and
allochem replacement); peloids (0.3-2.5 mm),
echinoderms, brachiopods and rugose corals; many
allochems micritized; some echinoderm grains
partially leached; sutured-seam stylolites; <5\
solution-enlarged intraparticle porosity.
9121.5-9138 Packstone; limestone; dark yellowish brown
10YR 4/2 to dark gray N3; intraclasts, echinoderms, rugose
corals, brachiopods, and bryozoans; sutured-seam stylolites
and microstylolites; 5-10\ interparticle porosity.
TS 9122 Bioclastic, intraclastic, peloidal grainstone:
calcite 95-99\ (allochems and isopachous,
syntaxial and blocky cements), dolomite 1-5\
(matrix selective, subhedral, cloudy rhombs <40
microns), anhydrite 1-5\ (matrix and allochem
replacement): peloids (0.15-1.0 mm), intraclasts
(0.3-5 mm), pellets (0.05-.15 mm) corals,
brachiopods, ostracodes, echinoderms, forams,
algae and calcispheres: allochems micritized:
syntaxial overgrowths on echinoderm grains: <5\
interparticle and intrapart"icle porosity.
TS 9132 Dolomitic, bioclastic wackestone: calcite 65-70\
(allochems, micrite and spar), dolomite 30-35\
(matrix selective, subhedral to euhedral, cloudy
rhombs <100 microns commonly with corroded rims):
anhydrite <1% (cement): corals, echinoderms and
ostracodes: compacted: allochems partially leached
(especially echinoderms): small calcite-filled
fractures associated with sutured-seam stylolites:
minor solution-enlarged intraparticle porosity.
9138-9146 Mudstone; dolostone; dark yellowish brown
lOYR 4/2; rare echinoderms and ghosts; organic wisps; bio-
turbated; rare anhydrite nodules (less than 2" in long
dimension); 5-10\ intercrystalline porosity.
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TS 9141 Dolomudstone; dolomite 99\ (lenses of pervasive,
fine grained, cloudy replacement, and coarse
crystalline, saddle dolomite cement), silica <1\
(chert cement); 15-20\ intercrystalline
porosity.
9146-9146.5 Silty shale: dolomitic, pyritic: black
to medium gray N5: abundant coalescing suture-seam
stylolites and microstylolite swarms separating gray,
dolomitic lenses: no visible porosity.
TS 9146 Argillaceous, slightly dolomitic siltstone;
dolomite 15-20\ (pervasive, fine grained replace-
ment, and subhedral, occasionally zoned rhombs <10
microns), silica 50-55\ (angular to subangular
silt-size grains), clay 25-30\, plagioclase <1\,
pyrite <1\; compacted; anastomosing laminae;
sutured-seam stylolites.
9146.5-9162 Mudstone; dolostone, dolomitic limestone;
dark yellowish brown 10YR 4/2 to olive gray 5Y 4/1; organic
wisps; bioturbated; allochems replaced by anhydrite;
nodules (less than 3" in long dimension) of intermixed
calcite and anhydrite are common; sutured-seam stylolites;
5-10\ intercrystalline porosity.
TS 9150.5 Dolomudstone; calcite 5-10\ (spar), dolo-
mite 90-95\ (pervasive, subhedral, cloudy rhombs
<15 microns, and coarse crystalline, saddle
dolomite cement), silica <1\ (chert cement); 5-
10\ intercrystalline porosity.
'1'8 9161 Dolomitic, bioclastic wackestone; calcite 55-60\
(allochems, micrite and spar), dolomite 40-45\
(matrix selective, subhedra1, cloudy rhombs <50
microns with corroded rims), silica <1\ (chert
cement); echinoderms and corals; no porosity.
9162-9200 Wackestone to packstone; limestone, dolomi-
tic limestone; dark yellowish brown 10YR 4/2 to dark gray
N3; echinoderms, rugose corals, bryozoans, and tabulate
corals; allochems show varying degrees of dolomitization;
rare, calcite-filled fractures; rare, chert nodules (less
than 2" in long dimension); sutured-seam stylolites and
microstylolites; intercrystalline porosity varies up to
15\; oil stained in places.
TS 9169 Bioclastic do1owackestone; calcite 30-35%
(allochems and spar), dolomite 65-70% (matrix
selective to pervasive, subhedra1, cloudy rhombs
<20 microns, and coarse crystalline, saddle
dolomite cement), anhydrite <1% (cement);
echinoderms and brachiopods; 15-20%
intercrysta11ine porosity.
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Slightly dolomitic, bioclastic packstone; calcite
85-90% (allochems and micrite), dolomite 10-15%
(matrix selective, subhedral, cloudy rhombs <30
microns); echinoderms, brachiopods, corals, and
bryozoans; some allochems partially leached
(especially echinoderms); sutured-seam stylolites;
<5% solution-enlarged intraparticle porosity.
TS 9174
TS 9178 Dolomitic, bioclastic wackestone; calcite 50-55%(allochems, micrite and spar), dolomite 45-50%
(matrix selective to pervasive, cloudy to limpid,
subhedral rhombs <20 microns, and minor coarse
crystalline cement), silica <1% (chert cement);
echinoderms and rugose corals; allochems and
matrix partially leached; 15-20% intercrystalline
and vugular porosity.
TS 9180 Dolomitic, bioclastic wackestone to packstone;
calcite 60-65% (allochems and micrite), dolomite
35-40% (matrix selective to pervasive, subhedra1,
cloudy, occasionally zoned rhombs <20 microns);
echinoderms and rugose corals; allochems and
matrix partially leached; 15-20% intercrysta11ine
and vugu1ar porosity.
Dolomitic, bioclastic wackestone to packstone;
calcite 65-70% (allochems and micrite), dolomite
30-35% (matrix selective, cloudy, subhedral rhombs
<30 microns, and coarse crystalline, saddle
dolomite allochem replacement), anhydrite <1%
(allochem replacement); echinoderms and rugose
corals; 5-10% intercrysta1line porosity.
TS 9186
Dolomitic, bioclastic wackestone; calcite 30-35%
(allochems and micrite), dolomite 45-50% (matrix
selective to pervasive, subhedral, cloudy to
limpid rhombs <25 microns and coarse crystalline,
saddle dolomite cement), anhydrite 15-20%
(allochem and matrix replacement); echinoderms,
brachiopods and molluscs; matrix partially
leached; 10-15% intercrystalline and vugular
porosity.
TS 9192
Silicified, dolomitic, bioclastic wackestone;
calcite 50-55% (allochems, micrite and pseudo-
morphic pore-lining cement after chalcedony),
dolomite 20-25% (matrix selective, subhedral,
cloudy to limpid, rhombs <25 microns, and coarse
crystalline, saddle dolomite cement), silica 20-
25% (allochem replacement, and chert and
chalcedony cement), pyrite <1%; echinoderms,
rugose corals and brachiopods; no visible
porosity.
TS 9199
.116
9200-9209 Mudstone to wackestone; limestone, dolo-
mitic limestone; olive gray 5Y 4/1 to dark yellowish brown
10YR 4/2; echinoderms and fossil debris; bioturbated;
allochems replaced by calcite; calcite nodules (less than
1" in long dimension) with gray, calcareous, pyritic
rims; sutured-seam stylolites; <5\ intercrystalline
porosity.
TS 9205 Silicified, dolomudstone, calcite 25-30\(allochems, micrite, spar and minor pseudomophic
pore-lining cement after chalcedony), dolomite
55-60\ (pervasive, anhedral to subhedral, cloudy
rhombs <20 microns commonly with corroded rims),
silica 10-15\ (chert and chalcedony replacement
and cement), pyrite <1\; rare echinoderms; 5-10\
intercrystalline porosity.
Dolomitic, bioclastic wackestone; calcite 60-65%
(micrite and allochems), dolomite 35-40% (matrix
selective to pervasive, anhedral to subhedral,
cloudy rhombs <40 microns), silica <1% (chert
cement); echinoderms and corals; sutured-seam
stylolites; no visible porosity.
TS 9208
NDGS 16756
Eg1y 11-20
Tenneco
T142N, R100W, Sec. 20, NW NW
Big Stick Field
Core depth (9354-9398)
9354-9360 Wackestone; limestone; dark yellowish brown
10YR 4/2 to olive gray 5Y 4/1; ostracodes, calcispheres,
intraclasts, gastropods, brachiopods, and rugose corals;
abundant organic laminae; many allochems replaced by
calcite and anhydrite; vertical, calcite-filled fractures;
sutured-seam stylolites and microstylolites; <5% vugular
porosity.
TS 9354 Dolomitic, intraclastic, bioclastic, peloidal
packstone to grainstone: calcite 55-60% (allo-
chems, micrite, spar), dolomite 40-45% (matrix
selective to pervasive, subhedral to euhedral,
cloudy rhombs <20 microns, and anhedral to sub-
hedral, saddle dolomite crystals <100 microns
concentrated along stylolites), anhydrite <1%
(matrix replacement): peloids «0.5 rom), skeletal
debris, forams, ostracodes, brachiopods and
intraclasts «2 rom): overpacked zones: rare
burrows: allochems micritized: small, vertical
spar-filled fractures: sutured-seam stylolites: no
visible porosity.
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TS 9355 Dolomitic, bioclastic, peloidal wackestone;
calcite 70-75% (micrite, allochems and spar),
dolomite 25-30% (matrix selective, subhedral,
cloudy to limpid rhombs <10 microns), anhydrite
1-5% (cement and matrix replacement); peloids
(0.2-1.5 mm), calcispheres, forams, ostracodes,
gastropods, brachiopods and corals; allochems
micritized; some allochems are leached; compacted;
10-15% intercrystalline and solution-enlarged
intraparticle porosity.
TS 9356 Dolomitic, bioclastic, peloidal mudstone to
wackestone; calcite 50-55\ (micrite, allochems,
and spar), dolomite 45-50\ (matrix selective to
pervasive, subhedral, cloudy rhombs <10 microns),
anhydrite <1\ (matrix replacement); peloids (0.2-1
mm), molluscs(?) and forams; <5\ intraparticle,
vugular and intercrystalline porosity.
TS 9358 Bioclastic dolowackestone; calcite 10-15\
(micrite, allochems and spar), dolomite 80-85\
(matrix selective to pervasive, anhedral, limpid
rhombs <20 microns), anhydrite 1-5\ (cement, allo-
chem and matrix replacement); ostracodes and
skeletal debris; allochems micritized; some
allochems partially leached; 5-10\ inter-
crystalline, vugular and moldic porosity.
TS 9359 Dolomitic, bioclastic, intraclastic wackestone to
packstone; calcite 65-70\ (allochems, micrite and
spar); dolomite 30-35\ (matrix selective to
pervasive, subhedral to euhedral, cloudy rhombs
<70 microns with corroded rims)~ anhydrite <1\
(allochem and matrix replacement); intraclasts «4
mm), ostracodes, calcispheres, forams, algae and
brachiopods; compacted; sutured-seam stylolites;
<5\ intraparticle porosity.
9360-9368.5 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to light olive gray 5Y 5/2; algae,
ostracodes, and calcispheres; wavy, nonparallel beds with
discontinuous laminae; 3" thick, silty zone at 9361; anhy-
drite is bedded massive (9361-9362) to nodular (9360-9361
and 9366-9368.5); many allochems replaced by anhydrite and
calcite; sutured-seam stylolites and microstylolites;
up to 15\ intercrystalline and vugular porosity.
TS 9361 Dolomitic, bioclastic, intraclastic wackestone;
calcite 60-65% (micrite and allochems), dolomite
25-30% (matrix selective, subhedral, limpid rhombs
<50 microns), anhydrite 5-10% (allochem and matrix
replacement); intraclasts (0.2-3.5 rom),
ostracodes, calcispheres and algae; allochems
micritized; <5% intercrystalline porosity.
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TS 9363 Bioclastic dolowackestone; calcite <1% (micrite),
dolomite 90-95% (pervasive, fine-grained, cloudy,
replacement, and coarse crystalline, saddle
dolomite cement and replacement), anhydrite 5-10%
(cement, matrix and allochem replacement);
calcispheres and ostracodes; thin wavy
laminations; some allochems leached; 10-15%
moldic, vugular and intraparticle porosity.
9368.5-9388 Mudstone to wackestone: limestone, dolo-
mitic limestone: dark yellowish brown 10YR 4/2 to olive
gray 5Y 4/1: skeletal debris: 9383.5-9384 contains echino-
derms, brachiopods, and rugose corals: bioturbated with
occasional horizontal and vertical burrows: sutured-seam
stylolites: 10-15\ intercrystalline porosity: oil stained.
TS 9376 Dolomitic, bioclastic mudstone to wackestonei
calcite 60-65\ (micrite and spar), dolomite 35-40\
(pervasive, anhedral to subhedral, cloudy to
limpid rhombs <100 microns), anhydrite 1-5\
(allochem and matrix replacement)i calcispheres
and allochem ghostsi <5\ intercrystalline
porosity.
TS 9387 Dolomitic mudstone; calcite 50-55\ (micrite, spar
and allochems), dolomite 45-50\ (matrix selective
to pervasive, subhedral, cloudy to limpid rhombs
<70 microns); echinoderms; 10-15\ intercrystalline
porosity.
9388-9397 Wackestone; limestone, dolomitic limestone;
olive black 5Y 2/1 to dark yellowish brown 10YR 4/2;
echinoderms, rugose corals, and brachiopods~ slightly bio-
turbated~ allochems show varying degrees of dolomitization;
sutured-seam stylolites and microstylolites; 10-15\
intercrystalline porosity; oil stained.
TS 9389 Dolomitic, bioclastic wackestone to packstone;
calcite 65-70\ (allochems, spar and micrite),
dolomite 30-35\ (matrix selective to pervasive,
subhedral to euhedral, cloudy rhombs <100 microns
with corroded rims), anhydrite <1\ (matrix and
allochem replacement); brachiopods, echinoderms
and corals; some allochems partially leached;
compacted; sutured-seam stylolites; minor
intraparticle porosity.
TS 9390 Dolomitic, bioclastic mudstone to wackestone;
calcite 45-50\ (allochems, micrite and spar);
dolomite 45-50\ (matrix selective to pervasive,
anhedral to subhedral, cloudy rhombs <50 microns),
anhydrite <1\ (allochem replacement); brachiopods
and echinoderms; some allochems partially leached;
10-15\ vugular,.intercrystalline and solution-
enlarged intraparticle porosity.
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TS 9392 Bioclastic do1omudstone to do1owackestone:
calcite 20-25% (micrite and spar), dolomite 75-80%
(pervasive, subhedra1, cloudy to limpid rhombs <50
microns); echinoderms and brachiopods; 15-20%
vugu1ar and intercrysta11ine porosity.
Dolomudstone; calcite 30-35% (micrite, spar and
allochems); dolomite 65-70% (pervasive, subhedral,
cloudy to limpid rhombs <80 microns), anhydrite
<1% (matrix replacement); brachiopods; <5% inter-
crystalline porosity
TS 9397
9397-9398 Mudstone; dolomitic limestone, limestone;
dark yellowish brown 10YR 4/2 to olive gray 5Y 4/1; biotur-
bated; anhydrite nodules (less than 3" in long dimension);
5-10% intercrystalline porosity.
NDGS #6995
Mystery Creek tA36-10
Getty
T142N, R101W, Sec. 36, NW SE
T.R. Field
Core depth (9300-9356)
9300-9308 Anhydrite/wackestone; consists of two
different rock types:
1) Anhydrite; light olive gray 5Y 5/2; massive.
2) Wackestone; anhydritic dolostone; dark yellow-
ish brown 10YR 4/2; algae, ostracodes and ca1cispheres;
wavy, parallel bedding, distorted in areas by displacive,
anhydrite nodules; vertical, anhydrite-filled fractures;
5-10% vugu1ar porosity.
TS 9306.5 Dolomudstone; dolomite 90-95% (pervasive, fine-
grained, cloudy replacement); organic wisps; 5-
10% intercrystalline porosity.
9308-9311 Mudstone; dolostone; dusky yellowish brown
10YR 2/2; ostracodes; vertical fractures filled with
anhydrite; 15-20% vugular porosity.
9311-9313 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to light olive gray 5Y 5/2;
calcispheres; anhydrite nodules (less than 1" in long
dimension); 5-10% vugu1ar porosity.
9313-9328 Wackestone: dolomitic limestone, becoming
more calcareous upward: dark yellowish brown lOYR 4/2:
intraclasts, calcispheres, ostracodes, echinoderms, algae,
brachiopods, and rugose corals: chert nodule (3" in long
dimension) at 9328: sutured-seam stylolites and micro-
stylolites: <5% intercrystalline porosity.
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TS 9328 Silicified, slightly dolomitic, bioclastic,
peloidal wackestone: calcite 20-25\ (micrite and
spar), dolomite 15-20\ (pervasive, subhedral to
euhedral, cloudy rhombs <110 microns, and coarse
crystalline, saddle dolomite replacement),
anhydrite <1\ (matrix replacement), silica 55-60\
(replacement by chert): peloids «1 mm),
echinoderms and ostracodes: sutured-seam
stylolites: <5\ vugular porosity in silicified
areas.
9328-9356 Mudstone to wackestone: dolostone, dolo-
mitic limestone: dusky yellowish brown 10YR 2/2 to dark
gray N3: rugose corals, echinoderms, and allochem ghosts:
bioturbated: most allochems, except for corals, are re-
placed by anhydrite and calcite: anhydrite nodules (less
than 1" in long dimension): disseminated pyrite: sutured-
seam stylolites: 5-10\ intercrystalline porosity: oil
stained.
TS 9339 Dolomudstone; calcite 15-20\ (micrite and spar),
dolomite 75-80\ (pervasive, anhedral to sub-
hedral, cloudy rhombs <100 microns), anhydrite 1-
5\ (replacement), silica <1\ (chert cement);
corals; 5-10\ intercrystalline and intraparticle
porosity.
TS 9350 Bioclastic, dolowackestone; dolomite 95-99%
(pervasive, fine-grained, cloudy replacement),
anhydrite <1% (matrix and allochem replacement),
silica 1-5% (chert cement); echinoderms and allo-
chem ghosts; many allochems leached; 15-20%
intercrystalline and moldic porosity.
TS 9354 Dolomudstone~ dolomite 95-99\ (pervasive, fine-
grained, cloudy replacement), silica 1-5\
(replacement by chert), pyrite <l\~ <5\ inter-
crystalline porosity.
T141N, R1O1W, Sec. 1, NE SW
T.R. Field
Core depth (9295-9355)
NDGS 17086
Mystery Creek 11-11
Getty
9295-9301 Anhydrite: slighty dolomitic: light olive
gray 5Y 5/2 to light gray N7: bedded massive to nodular:
distorted, dolomitic laminae.
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9301-9306 Mudstone to wackestone; anhydritic dolo-
stone; dark yellowish brown 10YR 4/2; algae, ostracodes,
calcispheres, and skeletal debris; even, parallel bedding
occasionally disrupted by displacive anhydrite nodules;
small, vertical, anhydrite-filled fractures in upper 2
ft; less than 5\ intercrystalline porosity in
lower 3 ft, 10-15\ vugu1ar porosity in upper 2 ft.
TS 9403.5 Dolomitic, bioclastic mudstone to wackestone;
calcite 65-70% (micrite, spar and allochems),
dolomite 25-30% (pervasive, subhedral, cloudy to
limpid rhombs <30 microns, and coarse
crystalline, saddle dolomite cement), anhydrite
1-5% (matrix replacement); calcispheres and
allochem ghosts; laminated; no visible porosity.
9306-9309 Dolomitic anhydrite; dark yellowish brown
10YR 4/2 to light olive gray 5Y 5/2; massive to nodular
mosaic with discrete, anhydrite grains (less than 1 mm in
long dimension); 5-10\ vugular porosity.
9309-9340 Wackestone: limestone, dolomitic limestone:
dark gray N3 to dark yellowish brown 10YR 4/2: algae,
calcispheres, rugose corals, echinoderms, brachiopods,
ostracodes and bryozoans: bioturbated with occasional
burrows: vertical fractures filled with calcite and anhy-
drite: chert nodule at 9335.5 (at least 6"in long
dimension): sutured-seam stylolites: <5\ intercrystalline
and moldic porosity: slight oil stain.
TS 9336 Silicified, dolomitic, bioclastic wackestone;
calcite 15-20% (spar), dolomite 25-30%
(pervasive, fine-grained, cloudy replacement, and
coarse crystalline cement), anhydrite 1-5%
(matrix and allochem replacement), silica 45-50%
(pervasive replacement by chert); brachiopods,
echinoderms, forams and allochem ghosts; allo-
chems micritized; <5% vugular porosity.
9340-9351 Mudstone to wackestone; dolostone; dark
yellowish brown 10YR 4/2; echinoderms and ostracodes;
bioturbated; allochems replaced by anhydrite; occasional,
anhydrite nodules, (less than 2" in long dimension);
5-10% intercrystalline porosity; oil stained.
9351-9355 Wackestone; dolomitic limestone; dark
yellowish brown lOYR 4/2; echinoderms; bioturbated; <5\
intercrystalline porosity.
TS 9354 Dolomitic, bioclastic wackestone: calcite 60-65\
(allochems, spar and micrite), dolomite 35-40\
(matrix selective to pervasive, subhedral, cloudy
rhombs <70 microns): echinoderms and brachiopods:
organic wisps: no visible porosity.
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T14l, R101W, Sec. 1, NE NW
T.R. Field
Core depth (9220-9252)
NDGS 17121
Mystery Creek 11-3
Getty
9220-9222 Mudstone~ dolostone~ dark yellowish brown
10YR 4/2~ ,skeletal debris~ bioturbated~ allochems replaced
by anhydrite and calcite~ 5-10\ intercrystalline porosity~
slight oil stain.
9222-9229 Wackestone to packstone; dolomitic lime-
stone, lower 2 ft becomes more calcareous; dark yellow-
ish brown 10YR 4/2 to dark gray N3; echinoderms, rugose
and tabulate corals, ostracodes and calcispheres; biotur-
bated with' occasional, randomly orientated burrows;
clusters of crysta11otopic anhydrite in upper 2 it;
microstylolites abundant throughout, sutured-seam
stylolites occur in lower 2 it; upper 5 ft has 5-10%
intercrystalline porosity and is oil stained, lower 2 ft
has no visible porosity.
TS 9226 Bioclastic packstone; calcite 90-95% (allochems,
micrite and spar), dolomite 5-10% (matrix
selective, anhedral, cloudy rhombs <20 microns,
and coarse crystalline, saddle dolomite cement),
anhydrite <1% (matrix replacement), silica <1%
(quartz and chert allochem replacement); echino-
derms and brachiopods; allochems micritized;
compacted; <5% vugular porosity.
9229-9233 Wackestone; dolostone; dark yellowish brown
10YR 4/2; echinoderms and rugose corals; intensely biotur-
bated; 5-10% intercrystalline porosity; slight oil stain.
9233-9252 Wackestone to packstone: dolomitic lime-
stone: dark yellowish brown lOYR 4/2 to dark gray N3:
echinoderms, rugose corals, bryozoans and ostracodes:
bioturbated: abundant sutured-seam stylolites and micro-
stylolites: fractures associated with sutured-seam
stylolites: <5% intercrystalline porosity: slight oil
stain.
TS 9234.5 Slightly dolomitic, bioclastic packstone; calcite
80-85% (allochems, micrite and spar), dolomite
15-20% (matrix selective, subhedra1, cloudy
rhombs <50 microns with corroded rims, and coarse
crystalline, saddle dolomite cement), anhydrite
<1% (matrix replacement), silica <1% (a11ochem
replacement by chert); echinoderms, brachiopods
and corals; allochems micritized; <5% vugu1ar
porosity.
183
TS 9244.5 Dolomitic, bioclastic packstone: calcite 60-65%
(allochems and micrite), dolomite 35-40% (matrix
selective, anhedral to subhedral, cloudy rhombs
<40 microns, and coarse crystalline, saddle
dolomite allochem replacement and cement),
anhydrite <1% (replacement), silica <1\ (allochem
replacement by chert): echinoderms, brachiopods
and ostracodes: allochems micritized: sutured-
seam stylolites: no visible porosity.
TS 9249 Dolomitic, bioclastic packstone; calcite 65-70\
(allochems and micrite), dolomite 30-35\ (matrix
selective to pervasive, anhedral, cloudy rhombs
<25 microns, and coarse crystalline, saddle
dolomite cement), silica <1' (a11ochem
replacement by chert); echinoderms and brachio-
pods; allochems micritized; organic wisps; <5\
intercrystalline porosity.
NDGS 17122
Mystery Creek 11-9
Getty
T141N, R1O1W, Sec. 1, NE SE
T.R. Field
Core depth (9294-9343)
Log depth (9293-9342)
Anhydritei light gray N7i massive to dis-9294-9296
torted mosaic.
9296-9304 Wackestone: anhydritic dolostone: dark
yellowish brown 10YR 4/2 to light olive gray 5Y 5/2: algae,
calcispheres, and ostracodes: lower 4 ft massive to
nodular anhydrite: top 4 ft contains even, parallel beds
that, upward, become increasingly distorted by displacive
anhydrite nodules: allochems replaced by anhydrite:
sutured-seam stylolites: up to 10\ intercrystalline
porosity.
TS 9300 Laminated dolomudstone; calcite <1\ (spar),
dolomite 99\ (pervasive, fine-grained, cloudy
replacement, and anhedral, cloudy rhombs <30
microns), anhydrite <1\ (replacement); abundant
organic laminations; 5-10\ intercrystalline
porosity.
9304-9323.5 Wackestone; limestone, dolomitic limestone;
dark gray N3 to dark yellowish brown 10YR 4/2; echinoderms,
rugose corals, ostracodes, calcispheres, brachiopods, and
tabulate corals; sutured-seam stylolites and micro-
stylolites; variable intercrystalline porosity up to 10\
slight oil stain.
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TS 9310.5 Slightly dolomitic, bioclastic wackestone:
calcite 85-90\ (micrite, spar and allochems),
dolomite 10-15\ (matrix selective, subhedral,
cloudy rhombs <40 microns with corroded rims),
anhydrite <1\ (matrix replacement): ostracodes
calcispheres, and forams: compacted: allochems
are micritized: <5\ intraparticle porosity.
Dolomitic, bioclastic wackestone; calcite 50-55%
(spar, micrite and allochems) dolomite 45-50%
(pervasive, subhedral, cloudy rhombs <100 microns
with corroded rims), anhydrite <1% (allochem and
matrix replacement); ostracodes, brachiopods,
echinoderms and molluscs; compacted; some allo-
chems partially leached; sutured-seam stylolites;
<5% solution-enlarged intraparticle porosity.
TS 9319
9323.5-9340 Mudstone to wackestone; dolomitic lime-
stone, dolostone; dusky yellowish brown 10YR 2/2; echino-
derms and rugose corals; bioturbated; many allochems
replaced by anhydrite and calcite; some allochems are dolo-
mitized; nodules (less than 2" in long dimension) of
intermixed anhydrite and calcite; 5-10\ intercrystalline
porosity; slight oil stain.
TS 9325 Silicified, dolomitic mudstone: calcite 20-25%(spar and micrite),. dolomite 30-35% (pervasive,
anhedral to subhedral, cloudy rhombs <120
microns), silica 40-45% (chert replacement):
allochem ghosts: <5% intercrystalline porosity.
TS 9326 Do1omudstone; calcite 10-15\ (spar), dolomite 85-
90\ (pervasive, anhedral to subhedra1, cloudy
rhombs <50 microns), anhydrite <1\ (cement); 5-
10\ intercrysta11ine porosity.
TS 9340 Dolomudstone; calcite 20-25\ (spar); dolomite 65-
70\ (pervasive, anhedral to subhedral, cloudy
rhombs <20 microns,. and coarse crystalline,
saddle dolomite replacement and cement),
anhydrite 5-10\ (replacement); rare echinoderms;
calcite- and anhydrite-filled fractures; 5-10\
intercrystal1ine porosity.
9340-9340.3 Silty shale; dolomitic, pyritic; black
to medium dark gray N4; finely laminated with thin, dolo-
mitic stringers; thick, coalescing sutured-seam stylolites
and microstylolite swarms; no visible porosity.
9340.3-9343 Mudstone to wackestone; dolostone; dusky
yellowish brown 10YR 2/2; echinoderms; bioturbated; allo-
chems replaced by anhydrite; anhydrite nodules (less than
2'1 in long dimension); vertical, calcite-filled fractures;
5-10\ intercrystalline and moldic porosity; oil stained.
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NDGS 17125
Mystery Creek IA36-2
Getty
T142N, R lOlW, Sec. 36, NW NE
T.R. Field
Core depth (9325-9383.5)
Log depth (9335-9393.5)
9325-9329.5 Wackestone to packstone; anhydritic lime-
stone, anhydritic dolostone; dark yellowish brown lOYR 4/2
to light olive gray 5Y 5/2; algae, ostracodes, and calci-
spheres; wavy, nonparallel bedding; nodular anyhdrite;
allochems replaced by anhydrite; sub-vertical, anhydrite-
filled fractures; <5% moldic and intercrystalline porosity.
TS 9326 Dolomitic, peloidal, bioclastic, wackestone to
packstone; calcite 40-45% (micrite, allochems and
spar), dolomite 35-40% (pervasive, subhedral,
limpid rhombs <50 microns and coarse crystalline,
saddle dolomite allochem replacement and cement),
anhydrite 15-20% (matrix and allochem replace-
ment); calcispheres, ostracodes, brachiopods and
peloids (0.15-1.5 mm); allochems micritized; <5%
vugular and intraparticle porosity.
TS 9327 Bioclastic wackestone; calcite 75-80% (micrite,
allochems and spar), dolomite 5-10% (pervasive,
subhedral to euhedral, limpid rhombs <50 microns,
and coarse crystalline, saddle dolomite replace-
ment), anhydrite 10-15% (matrix and allochem
replacement); ostracodes, algae, calcispheres and
brachiopods; compacted; vertical, calcite-filled
fractures; <5% intraparticle porosity.
TS 9328 Dolomitic, anhydritic, peloidal, bioclastic
wackestone; calcite <1% (allochems), dolomite 70-
75% (pervasive, fine-grained, cloudy replace-
ment), anhydrite 25-30% (matrix and allochem
replacement, pseudomorphs after gypsum); peloids
(0.3-0.5 rom), calcispheres, ostracodes and algae;
no visible porosity.
TS 9328.5 Slightly dolomitic, intraclastic packstone;
calcite 70-75% (allochems and micrite), dolomite
15-20% (matrix selective, anhedral to subhedral,
limpid rhombs <50 microns, isopachous cement, and
coarse crystalline, saddle dolomite replacement
and cement), anhydrite 5-10% (allochem and matrix
replacement); intraclasts (0.2-3 mm with long
axes oriented sub-horizontally) and calcispheres;
microstylolites; no visible porosity.
9329.5-9332 Wackestone: dolostone: dark yellowish brown
lOYR 4/2: algae, calcispheres and ostracodes: even to wavy,
nonparallel bedding: vertical, anhydrite-filled fractures:
vugular porosity varies between 5-15% from bed to bed.
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TS 9331 Bioclastic dolomudstone to dolowackestone;
calcite <1\ (micrite), dolomite 85-90\
(pervasive, fine-grained, cloudy replacement,
subhedral, limpid rhombs <20 microns, and coarse
crystalline, saddle dolomite cement), anhydrite
1-5\ (matrix and allochem replacement);
calcispheres, ostracodes and allochem ghosts;
faint laminations; matrix and allochems partially
leached; 15-20\ moldic and vugular porosity.
TS 9332 Laminated dolomudstone; dolomite 95-99\
(pervasive, fine-grained, cloudy replace-
ment, anhedral, limpid rhombs <20 microns, and
coarse crystalline, saddle dolomite cement),
anhydrite 1-5\ (matrix to allochem replacement);
ostracodes; laminated; 10-15\ vugular and
intercrystalline porosity.
9332-9334 Mudstone to wackestone; dolostone; dusky
yellowish brown 10YR 2/2; allochem ghosts; upper 1 foot
finely laminated; 15-20\ intercrystalline and vugular
porosity; oil stained.
9334-9336 Dolomitic anhydrite: light olive gray 5Y
5/2 to light gray N7: ca1cispheres: abundant, discrete
grains of anhydrite (less than 1 mm in long dimension),
some have been leached: nodular anhydrite: 5-10\ vugu1ar
and mo1dic porosity.
TS 9336 Dolomitic, bioclastic wackestone: calcite 55-60\
(micrite, allochems and spar), dolomite 35-40\
(matrix selective to pervasive, subhedral, cloudy
to limpid rhombs <80 microns), anhydrite <1\
(matrix replacement); brachiopods, ostracodes,
and calcispheres; allochems micritized:
compacted: sutured-seam stylolites; no visible
porosity.
9336-9339 Wackestone to packstone; limestone; dusky
yellowish brown lOYR 2/2; intraclasts, brachiopods, and
rugose corals; faint laminations in upper 1 ft and lower
1 ft; vertical fractures filled with anhydrite and calcite;
microstylolites; no visible porosity.
TS 9338 Sightly dolomitic, bioclastic packstone to grain-
stone; calcite 85-90\ (allochems, micrite and
spar), dolomite 10-15\ (matrix selective,
anhedral, limpid rhombs <50 microns), anhydrite
<1\ (matrix and allochem replacement); calci-
spheres, forams, ostracodes, echinoderms,
brachiopods, algae, and peloids (0.3-2 mm); many
allochems micritized; some echinoderms partially
leached; compacted; 1-5\ vugular and solution-
enlarged intraparticle porosity.
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9339-9350 Mudstone; limestone,dolomitic limestone;
dark yellowish brown 10YR 4/2 to olive black 5Y 2/1;
allochem ghosts; bioturbated; sutured-seam stylolites and
microstylolites; 5-10\ intercrystalline porosity.
TS 9342 Bioclastic dolomudstone to dolowackestone;
calcite 45-50\ (spar, allochems and micrite),
dolomite 50-55\ (pervasive, anhedral to sub-
hedral, cloudy rhombs <100 microns), anhydrite 1-
5\ (matrix replacement); brachiopods, ostracodes
and echinoderms; compacted; 5-10\ interstalline
and vugular porosity.
TS 9348 Dolomudstone; calcite 25-30% (spar, micrite and
allochems), dolomite 65-70% (pervasive, anhedral
to subhedral, cloudy to limpid rhombs <70
microns), anhydrite 1-5% (cement and replace-
ment); rare ostracodes and echinoderms; 15-20%
vugular and intercrystalline porosity.
9350-9351 Wackestone to packstone; limestone; dark
gray N3; intraclasts, echinoderms, brachiopods, and rugose
corals; sutured-seam stylolites and microstylolites;
vertical, calcite-filled fractures associated with sutured-
seam stylolites; no visible porosity.
TS 9351 Dolomitic, peloidal, bioclastic wackestone;
calcite 60-65% (allochems, micrite, and spar),
dolomite 30-35% (matrix selective to pervasive,
subhedral to euhedral, cloudy rhombs <100 microns
with corroded rims), anhydrite 1-5% (matrix
replacement); peloids (0.4-2.0 mm), echinoderms,
brachiopods, and corals; compacted; some allo-
chems leached (especially echinoderms); <5%
intercrystalline and solution-enlarged intra-
particle porosity.
9351-9355.5 Mudstone; dolomitic limestone; dark yellow-
ish brown 10YR 4/2; allochem ghosts; bioturbated; organic
wisps; 5-10% intercrystalline porosity.
Dolomudstone; calcite 20-25% (micrite, spar and
allochems), dolomite 70-75% (pervasive, sub-
hedral, cloudy rhombs <100 microns); anhydrite
<1% (matrix replacement); rare brachiopods and
corals; 5-10% intercrystalline porosity.
TS 9355
9355.5-9364 Wackestone: limestone, dolomitic limestone:
dark yellowish brown 10YR 4/2 to dark gray N3: rugose
and tabulate corals: some allochems dolomitized: 5-10%
intercrystalline porosity.
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TS 9361 Dolomudstone: calcite 10-15% (micrite and
allochems), dolomite 85-90% (matrix selective to
pervasive, anhedral to subhedral, cloudy rhombs
<100 microns): rare rugose corals: compacted: 10-
15% intercrystalline porosity.
9364-9373 Mudstone; dolostone; dark yellowish brown
10YR 4/2; bioturbated; anhydrite nodules (less than 1" in
long dimension); 5-10% intercrystal1ine porosity.
TS 9367 Dolomudstone; dolomite 95-99\ (pervasive, fine-
grained, cloudy replacement), anhydrite <1\
(replacement), silica <1\ (chert cement); organic
wisps; 15-20\ intercrystalline and vugular
porosity.
9373-9373.5 Silty shale; pyritic; black; finely
laminated; no visible porosity.
Argillaceous siltstone; quartz 45-50% (angular
to subangular silt-size grains with long axes
oriented sub-horizontally), clay 45-50%, organics
1-5%; finely laminated.
TS 9373
9373.5-9383.5 Mudstone; dolostone, dolomitic limestone;
olive gray 5Y 3/2; allochem ghosts; bioturbated; anhydrite
nodules (less than 1" in long dimension) with dark gray,
pyritic rims; 5-10\ intercrystalline porosity.
TS 9377 Dolomudstone; calcite 35-40% (spar and allo-
chems), dolomite 55-60% (pervasive to matrix
selective, fine-grained, cloudy replacement, and
coarse crystalline, saddle dolomite cement and
allochem replacement), anhydrite 1-5% (matrix
replacement), mica <1%; rare echinoderms; organic
wisps; 10-15% intercrystal1ine and vugular
porosity.
TS 9382 Bioclastic dolowackestone; calcite 5-10% (allo-
chems), dolomite 80-85% (pervasive, cloudy to
limpid rhombs <30 microns, and coarse
crystalline, saddle dolomite allochem replacement
and cement), anhydrite 5-10% (matrix and allochem
replacement); echinoderms, forams, and
ostracodes; some anhydrite-replaced allochems
partially leached; <5% intercrystalline
porosity.
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NDGS 17149
Stuart USA 15-7
Tenneco
Tl42N, RlOOW, Sec. 7, SE SW
Big Stick Field
Core depth (9317-9436
9377-9384 Wackestone to packstone to grainstone;
limestone; dark yellowish brown lOYR 4/2; intraclasts,
ostracodes, calcispheres, algae, and brachiopods; over-
packed, intraclastic grainstone at 9377 (1" thick) and 9383
(6" thick); faintly bedded; sutured-seam stylolites and
microstylolites; no visible porosity.
TS 9379 Intraclastic dolowackestone; calcite 30-
35% (micrite, spar and allochems), dolomite 65-
70% (pervasive, fine-grained, cloudy replace-
ment); intraclasts (0.3-4 rom) and skeletal
debris; organic laminae; <5% intercrystalline
porosity.
TS 9382 Dolomitic, peloidal, bioclastic wackestone;
calcite 50-55\ (micrite, spar and allochems),
dolomite 45-50\ (pervasive to matrix selective,
subhedral, cloudy rhombs <50 microns); peloids
(0.2-3 mm), calcispheres and ostracodes;
allochems micritized; compacted; sutured-seam
stylolites; <5\ intraparticle porosity.
TS 9384 Dolomitic, oolitic, pelletiferous, intraclastic,
bioclastic, packstone to grainstone~ calcite 65-
70\ (allochems, spar and micrite), dolomite 25-
30\ (matrix selective, anhedral to subhedral,
cloudy to limpid rhombs <20 microns, and
isopachous and coarse crystalline, saddle
dolomite cements), anhydrite 1-5\ (cement)~
intraclasts (0.15-7 mm), pellets «0.15 mm),
calcispheres, forams, ostracodes, gastropods and
ooids~ many bioclasts micritized~ no visible
porosity.
9384-9387.5 Grainstone: anhydritic limestone: dark
yellowish brown lOYR 4/2: intraclasts, calcispheres,
ostracodes, and brachiopods: pore-filling anhydrite: 5-10'
interparticle porosity.
TS 9385 Slightly dolomitic, bioclastic, intraclastic,
grainstone; calcite 70-75\ (allochems and spar),
dolomite 15-20\ (anhedral, cloudy rhombs <50
microns occurring as matrix replacement and
isopachous cement, and coarse crystalline
cement), anhydrite 10-15\ (cement); intraclasts
(0.3-6 mm), calcispheres, brachiopods and forams;
bioclasts micritized; <5\ interparticle porosity.
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9387.5-9410.5 Wackestone; dolomitic limestone (upper 5
ft), dolostone; olive gray 5Y 3/2 to dusky yellowish
brown 10YR 2/2; algae (upper 2 ft) and al1ochem ghosts;
bioturbated; 10-15% intercrystalline porosity; oil stained
TS 9389 Dolomitic, bioclastic wackestone; calcite 50-55%
(micrite, allochems and spar), dolomite 45-50%
(matrix selective to pervasive, subhedral, cloudy
to limpid rhombs <80 microns with corroded rims);
skeletal debris, ostracodes, echinoderms and
corals; no visible porosity.
TS 9391 Dolomitic, bioclastic wackestone; calcite 55-60\
(allochems, spar and micrite), dolomite 40-45\
(matrix selective to pervasive, anhedral to
subhedral, cloudy rhombs <80 microns with
corroded rims); echinoderms, skeletal debris;
matrix and allochems partially leached; 10-15\
solution-enlarged intraparticle and
intercrystalline porosity.
TS 9402 Dolomudstone; calcite 10-15\ (spar and micrite),
dolomite 85-90\ (pervasive, anhedral to sub-
hedral, cloudy rhombs <80 microns); organic
wisps; 15-20\ intercrystalline porosity.
9410.5-9419 Wackestone; dolomitic limestone; dusky
yellowish brown lOYR 2/2; rugose corals, echinoderms, and
tabulate corals; bioturbated; many allochems dolomitized;
sutured-seam stylolites and microstylolites; 5-10%
intercrystalline porosity; oil stained.
TS 9411 Bioclastic dolomudstone to dolowackestone;
calcite 25-30% (spar and allochems), dolomite 70-
75% (matrix selective to pervasive, anhedral to
subhedral, cloudy rhombs <100 microns with
corroded rims); echinoderms and corals; organic
wisps; 10-15% intercrystalline porosity.
TS 9417 Bioclastic dolowackestone~ calcite 25-30\
(allochems, spar and micrite), dolomite 70-75\
(matrix selective, anhedral to subhedral, cloudy
rhombs <50 microns)~ rugose corals and echino-
derms~ organic wisps~ 10-15\ intercrystalline
porosity.
9419-9436 Mudstone to wackestone, dolostone, dolo-
mitic limestone; dusky yellowish brown 10YR 2/2; echino-
derms and skeletal debris; bioturbated; allochems replaced
by anhydrite; anhydrite nodules (less than 2"in long
dimension) with minor calcite inclusions; 10 to 15%
intercrystalline porosity; oil stained.
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TS 9422 Dolomudstone; dolomite 99% (pervasive, anhedral,
cloudy rhombs <30 microns), anhydrite <1%
(replacement); 15-20% intercrystalline porosity.
TS 9426 Bioclastic dolowackestone; dolomite 90-95%
(pervasive, fine-grained replacement, and
coarse crystalline, saddle dolomite allochem
replacement), anhydrite 5-10% (allochem and
matrix replacement), silica <1% (chert cement);
echinoderms and skeletal debris; allochems
partially leached; 15-20% intercrystalline and
intraparticle porosity.
Dolomitic, bioclastic wackestone~ calcite 60-65%
(allochems, micrite and spar), dolomite 30-35%
(matrix selective to pervasive, anhedral to sub-
hedral, cloudy to limpid rhombs <80 microns),
silica 1-5% (chert cement)~ rugose corals and
echinoderms~ sutured-seam stylolites~ organic
wisps~ no visible porosity.
TS 9434
NDGS :17274
David USA 12-25
Tenneco
Tl42N, RlOlW, Sec. 25, NW NW
Big Stick Field
Core depth (9385-9445)
9385-9385.5 Mudstone: dolomitic limestone: brownish
black 5YR 5/2: bioturbated: <5\ vugular porosity.
9385.5-9386.5 Packstone to grainstone; limestone; dusky
yellowish brown lOYR 2/2; intraclasts and calcispheres; <5%
interparticle and moldic porosity.
9386.5-9387.5 Dolomitic anhydrite; abundant, discrete
grains and nodules of anhydrite: dense, dolomitic matrix;
<5% vugular porosity.
TS 9387 Slightly dolomitic, intraclastic packstone to
grainstone; calcite 75-80% (allochems, micrite
and spar), dolomite 10-15% (matrix selective,
anhedral to subhedral, cloudy to limpid rhombs
<50 microns), anhydrite 5-10% (allochem and
matrix replacement); intraclasts (0.3-7 mm),
calcispheres and algae; no visible porosity.
9387.5-9392 Wackestone; dolostone; dusky yellowish
brown 10YR 2/2 to light olive gray 5Y 6/1; calcispheres,
echinoderms, and ostracodes; some allochems are replaced by
anhydrite and calcite, and some are leached; micro-
stylolites; 15 to 20% vugular and moldic porosity; oil
stained.
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9392-9393 Packstone: anhydrite (upper 4"), anhydritic
dolostone: medium light gray N6 to olive gray 5Y 4/1:
calcispheres and algae: faint, distorted laminae: vertical,
anhydrite-filled fractures: 10-15\ moldic porosity in
dolomite, no visible porosity in anhydrite.
9393-9399 Wackestone; limestone; dark gray N3 to dark
yellowish brown lOYR 4/2; calcispheres, ostracodes, rugose
corals, forams, gastropods, echinoderms, and brachiopods;
organic wisps; 1" thick silicified zone at 9394.5;
crystallotopic anhydrite common in upper 2 ft; sutured-
seam stylolites and microstylolites; vertical, calcite-
filled fractures associated with sutured-seam stylolites;
less <5% vugular porosity.
TS 9393.5 Dolomitic, bioclastic mudstone to wackestone:
calcite 65-70% (micrite, spar and allochems),
dolomite 25-30% (pervasive, anhedral to
subhedra1, cloudy rhombs <40 microns), anhydrite
1-5% (replacement): ostracodes and gastropods:
compacted: 1-5% vugu1ar and intercrysta11ine
porosity.
9399-9426 Mudstone; dolostone, becomes more
calcareous upward; dusky yellowish brown 10YR 2/2; rare
echinoderms and ostracodes; bioturbated; allochems are
either replaced by anhydrite or dolomitized; anhydrite-
filled, vertical fractures; high amplitude, sutured-seam
stylolites; 10-15\ intercrystalline and vugular porosity;
oil stained.
9426-9445 Wackestone: dolostone: dark yellowish brown
10YR 4/2: echinoderms, ostracodes, brachiopods, and forams:
bioturbated: allochems replaced by calcite and anhydrite,
some allochems leached: nodules (less than 2" in long
dimension) of anhydrite and intermixed anhydrite and
calcite with dark, pyritic rims: 5-10% intercrystalline and
moldic porosity: oil stained.
TS 9427 Dolomudstone; calcite 1-5\ (spar), dolomite
90-95\ (pervasive, fine-grained, cloudy
replacement, and coarse crystalline replacement
and cement), anhydrite 1-5\ (replacement and
cement), silica <1\ (chert cement); calcite- and
anhydrite-filled fractures; 10-15\ inter-
crystalline porosity.
TS 9434 Dolomudstone; calcite 1-5% (spar), dolomite
90-95% (pervasive, fine-grained, cloudy
replacement, and coarse crystalline replacement
and cement), anhydrite 1-5% (replacement), silica
1% (chert cement); <5% intercrystalline porosity.
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TS 9442 Bioclastic dolowackestone; calcite 20-25% (spar)
dolomite 70-75% (pervasive, fine-grained, cloudy
replacement, and coarse crystalline, saddle
dolomite replacement and cement), anhydrite 1-5%
(replacement), silica <1% (chert cement);
echinoderms and ostracodes; <5% intercrystalline
porosity.
NDGS 17296
Stuart USA 12-31
Tenneco
T142N, R100W, Sec. 31, NW NW
T.R. Field
Core depth (9376-9406, 9416-
9434)
Log depth (9341-9371, 9381-
9399)
9376-9383 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to light olive gray 5Y 5/2; ostra-
codes; distorted mosaic anhydrite; upper 2 ft are wavy,
nonparallel beds; some allochems replaced by anhydrite;
sutured-seam stylolites; 10-15% intercrystalline porosity.
TS 9378.5 Bioclastic dolomudstone to dolowackestone:
calcite <1% (spar), dolomite 80-85% (pervasive,
fine-grained, cloudy replacement), anhydrite 15-
20% (matrix and allochem replacement): ostra-
codes; organic wisps: <5% intercrystalline
porosity.
9383-9388 Wackestone; limestone; dark gray N3 to
olive gray 5Y 4/1; algae, echinoderms, calcispheres, and
ostracodes; laminated in upper 1 ft; sutured-seam
stylolites; no visible porosity.
9388-9406 Mudstone to wackestone; dolomitic lime-
stone, dolostone; dusky yellowish brown 10 YR 2/2 to dark
gray N3; echinoderms and rugose corals; bioturbated;
sutured-seam stylolites; 5-10% intercrystalline porosity;
slight oil stain.
TS 9389.5 Dolomudstone; calcite 40-45% (spar), dolomite 55-
60% (pervasive, anhedral to subhedral, cloudy
rhombs <50 microns with corroded rims), anhydrite
<1% (replacement); rare ostracodes; <5% inter-
crystalline porosity.
9406-9416 Missing.
9416-9419 Mudstone; dolostone, becomes more cal-
careous downward; dusky yellowish brown 10YR 2/2; echino-
derms and ostracodes; bioturbated; allochems replaced by
anhydrite; 10-15\ intercrystalline porosity; oil stained.
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Dolowackestone; calcite 1-5% (spar), dolomite 90-
95% (pervasive, fine-grained, cloudy replacement,
and coarse crystalline, saddle dolomite replace-
ment and cement), anhydrite 1-5% (allochem and
matrix replacement), silica <1% (chert cement);
echinoderms and allochem ghosts; 5-10%
intercrystalline porosity.
TS 9419
9419-9419.3 Silty shale; dolomitic, pyritic; black
to medium gray N6; finely laminated with gray dolomitic
lenses; microstylolite swarms; no visible porosity.
9419.3-9434 Mudstone to wackestone; dolomitic lime-
stone, lower 1 ft becomes more calcareous; dusky yellow-
ish brown lOYR 2/2 to olive gray 5Y 4/1; echinoderms,
rugose corals, and ostracodes; bioturbated; some allochems
replaced by calcite and anhydrite; anhydrite and calcite
nodules (less than 2" in long dimension); <5% inter-
crystalline porosity.
TS 9427 Dolomitic, bioclastic wackestone to mudstone:
calcite 45-50% (spar), dolomite 45-50%
(pervasive, fine-grained, cloudy replacement, and
coarse crystalline, saddle dolomite replacement
and cement), anhydrite <1% (matrix replacement):
echinoderms and allochem ghosts: no visible
porosity.
NDGS '7355
Egly II
Bunt
T142N, RIOOW, Sec. 20, SW NE
Big Stick Field
Core depth (9535-9596)
Log depth (9548-9609)
9535-9542 Packstone to grainstone; limestone; dark
yellowish brown lOYR 4/2; pisoids (whole and broken),
ooids, intraclasts (rip-up crusts and grapestones), calci-
spheres, ostracodes, and gastropods; overpacked to loosely
packed zones alternating with zones of calcite and
anhydrite-filled, fenestral fabric; blocky, crystallotopic
anhydrite throughout; calcite-filled, vertical fractures;
sutured-seam stylolites; <5\ fenestral and interparticle
porosity.
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TS 9535.5 Slightly dolomitic, intraclastic, pelletiferous,
oolitic, packstone to grainstone: calcite 70-75%
(allochems, spar and micrite), dolomite 10-15%
(allochem selective, anhedral, cloudy rhombs <20
microns, and coarse crystalline, saddle dolomite,
cement), anhydrite 10-15% (cement and replace-
ment): ooids (r~dial fibrous), pellets «0.15
mm), intraclasts (1-4 mm), rare ostracodes and
calcispheres: allochems micritized: sutured-seam
stylolites: small calcite- and anhydrite-filled
fractures: <5% interparticle porosity.
Slightly dolomitic, oolitic grainstone: calcite
85-90\ (allchems, spar and micrite), dolomite 10-
15\ (allochem selective, anhedral, cloudy rhombs
<20 microns): ooids (radial fibrous) and rare
intraclasts «5 mm): allochems micritized: <5\
interparticle porosity.
TS 9536
TS 9536.5 Intraclastic, oolitic packstone to grainstone:
calcite 90-95% (micrite, allochems and spar),
dolomite 1-5% (pervasive, fine-grained, cloudy
replacement associated with replacive anhydrite,
and cloudy anhedral rhombs <30 microns concen-
trated along stylolites and selectively within
allochems), anhydrite 1-5% (replacement): ooids
(radial fibrous, some broken), intraclasts (0.5-1
rom), and rare calcispheres, gastropods and
forams, pellets: allochems micritized: sutured-
seam stylolites: calcite- and anhydrite-filled
fractures: no visible porosity.
TS 9538 Anhydritic, intraclastic, oolitic packstone:
calcite 70-75% (allochems, micrite and spar),
dolomite 1-5% (matrix selective, fine-grained,
cloudy replacement), anhydrite 20-25% (replace-
ment): ooids (radial fibrous), intraclasts «4
mm), and rare pellets: allochems micritized: no
visible porosity.
9542-9548 Dolomitic anhydrite; medium light gray N6;
massive with dolomitic lenses.
9548-9549 Mudstone to wackestone; anhydritic dolo-
stone; dark yellowish brown 10YR 4/2; calcispheres and
skeletal debris; wavy, nonparallel beds; 10-15\ vugular
porosity.
9549-9550 Wackestone to packstone; limestone; olive
black 5Y 2/1 to dusky yellowish brown 10YR 2/2; intra-
clasts, algae, and skeletal debris; wavy, parallel beds;
sutured-seam stylolites and microstylolites; no visible
porosity.
196
9550-9552.5 Dolomitic anhydrite; lower 1 ft becomes
slightly calcareous; light gray N7 to dark yellow brown
10YR 4/2; upper 1.5 ft massive with scattered, discrete
grains (less than 5mm long) and rare, calcite
inclusions.
Silicified, peloidal dolowackestone; calcite <1%
(allochems), dolomite 55-60% (pervasive, fine-
grained, cloudy replacement); silica 30-35%
(chert replacement); peloids (0.2-0.5 rom);
organic wisps; no visible porosity.
TS 9551
9552.5-9581.5 Wackestone: limestone: dusky yellowish
brown lOYR 2/2 to dark gray N3: rugose corals, echinoderms,
calcispheres, ostracodes, and brachiopods: slightly
bioturbated: sutured-seam stylolites: <5% vugular porosity.
Dolomitic mudstone; calcite 80-85% (micrite and
spar), dolomite 15-20% (pervasive, anhedral to
subhedral, cloudy rhombs <40 microns); <5%
vugular porosity.
TS 9559
9581.5-9589.3 Mudstone; dolostone; dusky yellowish brown
10YR 2/2; rare echinoderms; intensely bioturbated; allo-
chems replaced by calcite and anhydrite; anhydrite and
calcite nodules; 10-15% intercrystalline porosity; oil
stained.
TS 9583 Dolomudstone; calcite 10-15\ (spar), dolomite 80-
85\ (pervasive, fine-grained, cloudy replacement,
and coarse crystalline, saddle dolomite replace-
ment), anhydrite 1-5\ (replacement), silica <1\
(chert cement); 5-10\ intercrystalline porosity.
9589.3-9589.7 Silty shale; dolomitic, pyritic; black
to dark gray N3; finely laminated with gray, dolomitic
lenses; abundant, coalescing sutured-seam stylolites and
microstylolite swarms; no visible porosity.
TS 9589.5 Dolomitic, argillaceous siltstone; calcite <1%
(spar), dolomite 35-40% (lenses of pervasive,
fine-grained, cloudy replacement), quartz 50-55%
(angular to subangu1ar silt-size grains), clay 5-
10%, pyrite 1-5%, mica <1%; microsty1o1ite
swarms; no visible porosity.
9589.7-9593.5 Mudstone; dolomitic limestone; dark yellow-
ish brown 10YR 4/2; skeletal debris; intensely bioturbated;
occasional, calcite nodules (less than 1" in long) with
dark gray, pyritic rims; sutured-seam stylolites; 5-10%
intercrystalline porosity; slight oil stain.
9593.5-9596 Wackestone: limestone: dark gray N3:
echinoderms: disseminated pyrite: no visible porosity
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NDGS 17446
David USA 11-35
Tenneco
T142N, RIOIW, Sec. 35, SE NE
Big Stick Field
Core depth (9306-9426)
Log depth (9309-9429)
9306-9307 Anhydrite; dolomitic; light gray N7;
nodular mosaic (chicken wire) texture with dolomitic wisps;
discrete, anhydrite grains (less than 2mm in long
dimension) occur floating throughout the matrix and in a
graded bed at 9306.5.
Anhydritic, bioclastic, intraclastic, oolitic
dolopackstone; dolomite 60-65\ (pervasive, fine-
grained, cloudy replacement), anhydrite 35-40\
(allochem and matrix replacement); ooids (whole
and broken), intraclasts «2 mm), ostracodes,
calcispheres, and rare echinoderms; reverse
graded bedding; compacted; minor intraparticle
porosity.
TS 9306
9307-9308 Wackestone; anhydritic dolostone; dark
yellowish brown lOYR 4/2 to medium gray N5; calcispheres
algae, and ostracodes; wavy, nonparallel bedding
alternating with bedded, massive anhydrite; micro-
stylolites; no visible porosity.
9308-9314 Packstone to grainstone; anhydritic lime-
stone; pale yellowish brown 10YR 6/2 to dusky yellowish
brown 10YR 2/2; intraclasts, ooids, calcispheres, pisoids,
echinoderms, ostracodes, and gastropods; mottled
appearance; many allochems appear to have been leached;
pore-filling and blocky, crystallotopic anhydrite
throughout; sutured-seam stylolites and microstylolites;
20-30\ interparticle and moldic porosity; oil stained.
Anhydritic, bioclastic, oolitic, intraclastic,
bioclastic dolopackstone to grainstone; calcite
10-15% (allochems and minor micrite), dolomite
60-65% (pervasive, fine-grained, cloudy replace-
ment, and anhedral to subhedral, cloudy rhombs
<50 microns distributed as allochem replacements
and isopachous cement), anhydrite 20-25% (allo-
chem and matrix replacement, and cement); intra-
clasts (0.2-2 mm), ooids, algae and calcispheres;
wavy laminations; 10-15% interparticle porosity.
TS 9310
198
TS 9310.5 Dolomitic, bioclastic, intraclastic, grainstone;
calcite 45-50% (allochems), dolomite 35-40%
(pervasive, fine-grained, cloudy replacement, and
isopachous cement composed of anhedral to
subhedral, cloudy to limpid rhombs <50 microns),
anhydrite 5-10% (cement and allochem replace-
ment); intraclasts (0.2-0.4 rom), algae,
ostracodes, calcispheres and gastropods; 15-20%
interparticle porosity. .
TS 9311 Anhydritic, slightly dolomitic; bioclastic,
pelletiferous wackestone; calcite 20-25\
(allochems and micrite), dolomite 10-15\
(pervasive, subhedral to euhedral, cloudy rhombs
<40 microns), anhydrite 60-65\ (replacement),
celestite 5-10% (matrix replacement); pellets
«0.15 rom) and calcispheres: wavy laminations;
vertical, calcite-filled fractures truncated by
replacive anhydrite; no visible porosity.
TS 9313 Intraclastic dolopackstone; calcite 30-35\ (allo-
chems), dolomite 60-65\ (matrix selective, fine-
grained, cloudy matrix replacement, and
isopachous cement composed of subhedral, cloudy
to limpid rhombs <40 microns), anhydrite 5-10\
(cement and replacement); intraclasts (0.2-1.5
rom), and rare calcispheres; 15-20\ interparticle
and intercrystalline porosity.
9314-9320 Wackestone; anhydritic dolostone, dolomitic
anhydrite; light olive gray 5Y 5/2; calcispheres and algae;
wavy, nonparallel bedding with crystallotopic anhydrite
from 9316 to 9317; anhydrite also occurs as distorted
nodules and discrete grains from 9314 to 9316 and 9317 to
9320; vertical, anhydrite-filled fractures; sutured-seam
stylolites and microstylolites in bedded dolostone;
5-10% vugular porosity in bedded zones.
Intraclastic dolopackstone; dolomite 85-90%
(pervasive to matrix selective, fine-grained,
cloudy replacement), anhydrite 10-15% (allochem
replacement); intraclasts (0.3-1 rom), and rare
ostracodes; many allochems leached; 25-30% moldic
porosity.
TS 9314
TS 9316 Silicified, bioclastic dolowackestone to
dolopackstone; dolomite 65-70% (pervasive, fine-
grained, cloudy replacement, and coarse
crystalline cement), anhydrite 10-15% (allochem
and matrix replacement), silica 15-20% (replace-
ment by chert); calcispheres and ostracodes; wavy
laminations; 5-10% intraparticle and vugular
porosity.
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9320-9324 Packstone to grainstone; limestone; light
olive gray 5Y 5/2 to dusky yellowish brown lOYR 2/2; intra-
clasts, algae, and ostracodes; faintly bedded; grainstone
zones at 9320.5 (6" thick) and 9323.5 (6" thick);
crystallotopic anhydrite throughout; sutured-seam
stylolites and microstylolites; <5% interparticle porosity.
TS 9322 Anhydritic, dolomitic, intraclastic, bioclastic
wackestone; calcite 35-40% (allochems and
micrite), dolomite 40-45% (pervasive, subhedral
to anhedral, cloudy rhombs <70 microns, and
coarse crystalline, saddle dolomite cement and
allochem replacement), anhydrite 15-20% (matrix
replacement); intraclasts (0.2-0.4 mm),
ostracodes and calcispheres; compacted; sutured-
seam stylolites; no visible porosity.
9324-9326 Anhydrite; dolomitic; light olive gray 5Y
5/2; massive to nodular mosaic with abundant, discrete,
anhydrite grains (less than 2mm in long).
9326-9332 Wackestone; anhydritic dolostone; dusky
yellowish brown 10YR 2/2 to pale yellow brown 10YR 6/2;
calcispheres, intraclasts, and ostracodes; pore-filling
anhydrite; sutured-seam stylolites and microstylolites; 15-
20% vugular porosity; oil stained.
9332-9336 Wackestone to packstone; limestone; dark
yellowish brown lOYR 4/2; intraclasts, algae, brachiopods,
rugose corals, calcispheres, and ostracodes; lower 1 ft
finely laminated with horizontally aligned allochems;
sutured-seam stylolites and microstylolites; no visible
porosity.
TS 9335 Dolomitic, peloidal, bioclastic, wackestone;
calcite 60-65\ (allochems, micrite, and spar),
dolomite 30-35\ (matrix selective to pervasive,
anhedral to subhedral, cloudy rhombs <50
microns), anhydrite 1-5\ (matrix replacement);
brachiopods, forams, ostracodes, calcispheres,
algae, peloids (0.3-4 rom) and echinoderms;
allochems are micritized; compacted; syntaxial
overgrowths on echinderm grains; no visible
porosity.
9336-9357 Mudstone; dolomitic limestone, dolostone;
dark yellowish brown 10YR 4/2; rare echinoderms, brachio-
pods and rugose corals; bioturbated; sutured-seam
stylolites and microstylolites; 10-15% intercrystalline
porosity; oil stained.
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TS 9343 Silicified, dolomudstone; calcite 15-20%(allochems and spar), dolomite 50-55% (pervasive,
subhedral to euhedral, cloudy rhombs <100
microns); silica 25-30% (chert replacement and
cement); rare echinoderms and corals; no visible
porosity.
9357-9361.5 Wackestone; dolomitic limestone; dusky
yellowish brown 10YR 2/2; rugose corals and echinoderms;
allochems show moderate to intense dolomitization; micro-
stylolites; 10-15% intercrystalline porosity; oil stained.
9361.5-9371.5 Mudstone; dolostone; dark yellowish brown
10YR 4/2; bioturbated; nodules (less than 2" in long
dimension) of intermixed anhydrite and calcite with black,
organic rims; 10-15% intercrystalline porosity.
9371.5-9371.8 Silty shale: pyritic: black: finely
laminated: no visible porosity.
Mudstone: same as 9361.5 to 9371.59371.8-9386
TS 9372.5 Dolomudstone: calcite 1-5% (spar), dolomite
85-90% (pervasive, anhedral to subhedral, cloudy,
rarely zoned rhombs <20 microns, and coarse
crystalline cement), anhydrite 5-10 % (matrix
replacement), silica <1% (chert cement); pyrite
<1%, 10-15% intercrystalline porosity.
9386-9390 Wackestone to packstone; dolomitic lime-
stone; olive black 5Y 2/1; echinoderms, rugose corals, and
brachiopods; sutured-seam stylolites and microstylolites;
no visible porosity.
TS 9389 Dolomitic, bioclastic packstone: calcite 75-80%
(allochems and micrite), dolomite 20-25% (matrix
selective, subhedral to euhedral, cloudy rhombs
<50 microns), anhydrite <1% (fracture-fill),
silica <1% (chert replacement and cement):
echinoderms, corals, and brachiopods: vertical
fractures: sutured-seam stylolites: no visible
porosity.
Mudstone; same as 9361.5 to 9371.5.9390-9392
9392-9423 Packstone; limestone; dark yellowish brown
lOYR 4/2 to olive gray 5Y 4/1; echinoderms, rugose corals,
brachiopods, and tabulate corals; sutured-seam stylolites
and microstylolites; <5% vugular porosity.
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TS 9397.5 Slightly dolomitic, bioclastic packstone; calcite
80-85% (allochems and micrite), dolomite 15-20%
(matrix selective, anhedral, cloudy rhombs <30
microns), anhydrite <1% (cement); echinoderms,
corals and brachiopods; allochems micritized;
compacted; sutured-seam stylolites; <5% intra-
particle and vugular porosity.
Dolomitic, bioclastic packstone; calcite 50-55%
(allochems and micrite), dolomite 40-45% (matrix
selective, anhedral, cloudy rhombs <25 microns),
anhydrite <1% (matrix replacement), pyrite <1%;
echinoderms, corals, brachiopods and ostracodes;
allochems micritized; sutured-seam stylolites; 5-
10% intercrystalline and intraparticle porosity.
TS 9406
9423-9426 Mudstone: dolostone: olive gray 5Y 4/1:
rare echinoderms; bioturbated: sutured-seam stylolites: 5-
10% intercrystalline porosity.
Dolomudstone; calcite <1\ (allochems), dolomite
95-99\ (pervasive, fine-grained replacement),
anhydrite <1\ (matrix replacement), silica <1\
(chert cement); allochem ghosts; 10-15\ inter-
crystalline porosity.
TS 9425
NDGS 17452
Mohrle USA 11-1.3
Tenneco
T142N, Rl01W, Sec. 13, SE SE
Big Stick Field
Core depth (9412-9432)
9412-9425 Wackestone to packstone: limestone: dark
yellowish brown 10YR 4/2: intraclasts, ostracodes, ca1ci-
spheres, ooids, brachiopods, and skeletal debris: graded
beds of intrac1astic packstone alternate with fossiliferous
wackestone beds: organic laminae abundant in lower 2 ft:
some allochems show geopeta1 calcite-filling: sutured-seam
stylolites and microsty1o1ites: vertical fractures filled
with calcite and anhydrite: 10-15% intercrysta11ine and
vugu1ar porosity from 9418 to 9421, <5% intercrysta11ine
porosity in other areas.
TS 9413 Bioclastic, peloidal packstone to grainstone;
calcite 95-99% (allochems, micrite and spar),
dolomite 1-5% (subhedral, cloudy rhombs <30
microns concentrated along stylolites), anhydrite
<1% (cement); peloids (0.2-1 rom), calcispheres,
ostracodes, forams and echinoderms; allochems
micritized; compacted; suture-seam stylolites;
small calcite-filled fractures; no visible
porosity.
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TS 9423.5 Slightly dolomitic, bioclastic, peloidal pack-
stone to grainstone; calcite 80-85% (allochems,
spar and micrite), dolomite 15-20% (matrix
selective, anhedral to subhedral, cloudy to
limpid rhombs <60 microns with corroded rims);
peloids (0.2-2 mm), calcispheres, ostracodes,
brachiopods and algae; allochems micritized;
sutured~seam stylolites; vertical, calcite-filled
fractures cross-cutting stylolites; no visible
porosity.
9425-9432 Wackestone: dolomitic limestone: dusky
yellowish brown lOYR 2/2 to dark gray N3: echinoderms and
rugose corals: sutured-seam stylolites and microstylolites:
sub-vertical fractures: intercrystalline porosity varies
from <5% in upper 3 ft to 5-10% in lower 4 ft: lower 4 ft
is oil stained.
Tl42N, RlOOW, Sec. 32, SW NE
Big Stick Field
Core depth (9398-9447)
NDGS 17465
Federal 17-32
Koch
9398-9413 Mudstone to wackestone; dolomitic lime-
stone; medium dark gray N4; echinoderms, ca1cispheres, and
forams; intensely bioturbated; allochems replaced by
calcite and anhydrite; intermixed calcite and anhydrite
nodules (less than 3" in long dimension) with dark gray,
pyritic rims; sutured-seam stylolites; 5-10% inter-
crystalline porosity; slight oil stain.
TS 9399 Bioclastic dolowackestone; calcite 15-20\ (spar),
dolomite 75-80\ (pervasive, fine-grained, cloudy
replacement, and coarse crystalline replacement
and cement), anhydrite <1\ (replacement), silica
1-5\ (chert cement); echinoderms and allochem
ghosts; 5-10\ inter crystalline porosity.
TS 9412 Bioclastic do1owackestone; calcite 10-15% (spar)
dolomite 70-75% (pervasive, fine-grained, rarely
zoned replacement, and coarse crystalline,
saddle dolomite replacement and cement), anhy-
drite 10-15% (replacement), silica <1% (chert
cement), pyrite <1%; echinoderms, ostracodes and
a11ochem ghosts; organic wisps; 5-10%
intercrysta11ine porosity.
9413-9417 Wackestone to packstone; limestone; dark
gray N3; echinoderms and rugose corals; sutured-seam
stylolites; vertical fractures associated with stylolites;
no visible porosity.
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Slightly dolomitic, bioclastic packstone; calcite
85-90% (allochems, micrite and spar), dolomite
10-15% (matrix selective to pervasive, subhedra1,
cloudy rhombs <70 microns with corroded rims, and
coarse crystalline, saddle dolomite cement),
silica <1% (chert a1lochem replacement);
echinoderms, brachiopods, corals and bryozoans;
allochems micritized; compacted; syntaxia1
overgrowths on echinoderm grains; sutured-seam
stylolites; vertical, calcite-filled fractures
cross-cut stylolites; no visible porosity.
TS 9416
9417-9419 Mudstone; dolomitic limestone; dusky
yellowish brown 10YR 2/2; skeletal debris replaced by
calcite and anhydrite; bioturbated; vertical, calcite-
filled fractures in upper 6"; sutured-seam stylolites; 5-
10% intercrystalline porosity; slight oil stain.
TS 9417.5 Bioclastic dolomudstone to do1owackestone;
calcite 1-5% (spar), dolomite 95-99% (pervasive,
fine-grained, cloudy replacement, and coarse
crystalline, saddle dolomite replacement and
cement), silica <1% (chert cement); echinoderms;
organic wisps; vertical, calcite-filled
fractures; 10-15% intercrysta1line porosity.
9419-9426 Wackestone to packstone; dolomitic lime-
stone; dusky yellowish brown lOYR 2/2 to dark gray N3;
echinoderms, rugose corals, brachiopods, bryozoans, and
tabulate corals; becomes increasingly bioturbated downward;
sutured-seam stylolites and microstylolites; vertical,
calcite and anhydrite-filled fractures associated with
sutured-seam stylolites; <5\ intercrystalline porosity.
9426-9447 Wackestone to packstone; dolomitic lime-
stone; dusky yellowish brown 10YR 2/2 to dark gray N3;
echinoderms, rugose corals, and skeletal debris;
bioturbated; sutured-seam stylolites and microstylolites;
5-10% intercrystalline porosity; oil stained.
TS 9432 Slightly dolomitic, bioclastic packstone; calcite
80-85% (allochems and micrite), dolomite 15-20%
(matrix selective, fine-grained, cloudy replace-
ment, and coarse crystalline cement);
echinoderms, brachiopods, corals and bryozoans;
allochems micritized; some allochems partially
leached; <5% vugular and intraparticle porosity.
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TS 9441 Slightly dolomitic, bioclastic packstone; calcite
80-85% (allochems and micrite), dolomite 15-20%
(matrix selective to pervasive, anhedral to sub-
hedra1, cloudy rhombs <40 microns, and coarse
crystalline, saddle dolomite crystals concen-
trated along stylolites); echinoderms and
brachiopods; allochems micritized; compacted;
organic wisps; sutured-seam stylolites; <5%
intercrystalline porosity.
NDGS 17486
Stuart USA 14-19
Tenneco
T142N, R100W, Sec. 19, NW NW
Big Stick Field
Core depth (9400-9429)
9400-9402 Wackestone; dolomitic limestone, dolostone;
dusky yellowish brown 10YR 2/2; intraclasts, rugose corals,
brachiopods, and ostracodes; organic wisps; micro-
stylolites; 5-10% intercrystalline porosity.
9402-9403.5 Wackestone to packstone to grainstone;
limestone, dolomitic limestone; dark yellowish brown 10YR
4/2; intraclasts, calcispheres, and ostracodes; faintly
bedded; wackestone in lower 1 ft, grades upward into
packstone/grainstone; sutured-seam stylolites; <5% inter-
particle and intercrystalline porosity.
9403.5-9410 Wackestone; anhydritic, dolomitic lime-
stone; dark yellowish brown 10YR 4/2 to dusky yellowish
brown 10YR 2/2; intraclasts, calcispheres, ostracodes, and
brachiopods; lower 2 ft laminated; silicified zone (4"
thick) at 9406; organic wisps; chert nodule (at least 6" in
long dimension) at 9406.5; microstylo1ites; 5-10\
intercrysta11ine porosity.
Silicified, bioclastic, peloidal dolowackestone
to dolopackstone; calcite 5-10% (spar and allo-
chems), dolomite 60-65% (pervasive, fine-grained,
cloudy replacement), anhydrite <1% (replacement),
silica 25-30% (chert replacement and cement)~
peloids (0.2-0.5 rom), ostracodes, calcispheres
and forams; allochems micritized; 5-10% inter-
crystalline, intraparticle and vugular porosity.
TS 9405
TS 9410 Dolomitic, bioclastic wackestone; calcite 50-55\(micrite, spar and allochems), dolomite 45-50\
(pervasive, subhedral to euhedral, cloudy to
limpid rhombs <50 microns with corroded rims);
brachiopods, ostracodes, molluscs and
echinoderms; allochems micritized; compacted;
microstylolites; minor vugular porosity.
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9410-9414 Mudstone to wackestone; limestone, dolo-
mitic limestone, dolostone; dark yellowish brown 10YR 4/2
to dusky yellowish brown 10YR 2/2; ostracodes, rugose
corals, and molluscs; bioturbated; slightly compacted;
chert nodule (at least 4" in long dimension) at 9413;
sutured-seam stylolites and microstylolites; 5-10%
intercrystalline porosity.
TS 9413 Silicified, dolomitic mudstone; calcite 30-35%
(spar), dolomite 35-40% (pervasive, subhedral,
cloudy rhombs <60 microns), silica 25-30% (chert
replacement); <5% intercrystalline porosity.
9414-9429 Mudstone; dolomitic limestone, dolostone;
dusky yellowish brown 10YR 2/2; rare, allochem ghosts;
bioturbated; 5-10% intercrystalline porosity; oil stained.
NDGS #7510
Mystery Creek IB6-13
Getty
T141N, R100W, Sec. 6, SW SW
T.R. Field
Core depth (9315-9370)
Log depth (9317-9372)
9315-9319 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to light olive gray 5Y 5/2;
ostracodes, calcispheres, and intraclasts; abundant,
organic laminae; bedded, nodular mosaic anhydrite;
microstylolites: 5-10% vugular porosity.
TS 9316 Bioclastic dolowackestone; calcite 1-5% (spar),
dolomite 80-85% (pervasive, fine-grained, cloudy
replacement, and coarse crystalline, saddle
dolomite replacement and cement), anhydrite 10-
15% (matrix and allochem replacement); ostracodes
and calcispheres; wavy, organic laminations; 5-
10% vugular and intraparticle porosity.
TS 9317.5 Dolomudstone; calcite 5-10% (spar), dolomite 85-
90% (pervasive, anhedral to subhedral, cloudy
rhombs <60 microns), anhydrite 1-5% (replace-
ment); organic wisps; no visible porosity.
TS 9319 Bioclastic, peloidal dolowackestone to dolo-
packstone; calcite 10-15% (spar), dolomite 65-70%
(pervasive, fine-grained, cloudy replacement, and
rare saddle dolomite replacement and cement),
anhydrite 15-20% (replacement); peloids (0.3-0.5
rom), calcispheres and ostracodes; <5% intra-
particle and vugular porosity.
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9319-9321.5 Anhydrite; dolomitic; light olive gray 5Y
5/2; abundant, discrete grains (less than lmm in long
dimension); dolomitic wisps.
TS 9319.5 Anhydritic, peloidal dolopackstone; calcite <1%
(spar), dolomite 60-65% (pervasive, fine-grained
cloudy replacement and cement), anhydrite 35-40%
(replacement); peloids (0.2-0.5 rom) and rare
ostracodes; some allochems leached; 5-10% moldic
porosity.
9321.5-9352 Mudstone to wackestone; dolomitic lime-
stone, dolostone; olive black 5Y 2/1 to dusky yellowish
brown 10YR 2/2; rugose corals, echinoderms, ostracodes,
brachiopods, bryozoans, and tabulate corals; bioturbated in
places; sutured-seam stylolites and microstylolites;
<5\ intercrystalline porosity from 9321.5 to 9336.5; 9336.5
to 9352 has 10-20\ intercrystalline and vugular porosity
and is oil stained.
TS 9322 Dolomitic, bioclastic packstone: calcite 65-70\
(micrite, allochems, and spar), dolomite 25-30\
(matrix selective, anhedral to subhedral, cloudy
to limpid rhombs <50 microns with corroded rims,
and coarse crystalline, saddle dolomite replace-
ment and cement), anhydrite 1-5\ (replacement):
calcispheres, ostracodes, brachiopods,
echinoderms and rare peloids (1-2.5 mm): allo-
chems micritized: compacted: sutured-seam
stylolites: vertical, calcite-filled fractures
cross-cutting stylolites: no visible porosity.
TS 9327 Peloidal, bioclastic packstone; calcite 90-95\
(spar, allochems, and micrite), dolomite 5-10\
(matrix selective, anhedral to subhedral, cloudy
rhombs <100 microns with corroded rims), anhy-
drite <1\ (replacement); ostracodes, forams,
calcispheres, brachiopods, echinoderms and
peloids (0.2-1.5 mm); allochems micritized;
compacted; syntaxial overgrowths on echinoderm
grains; minor intraparticle porosity.
TS 9333 Slightly dolomitic, peloidal, bioclastic
packstone 1 calcite 80-85\ (micrite, allochems and
spar), dolomite 15-20\ (matrix selective,
subhedral, cloudy to limpid rhombs <100 microns
with corroded rims)1 ostracodes, brachiopods,
echinoderms, skeletal debris and peloids (0.3-2
mm)1 allochems micritized1 compacted 1 echinoderm
grains partially leached 1 minor solution-enlarged
intraparticle porosity.
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TS 9336 Slightly dolomitic, peloidal, bioclastic
packstone; calcite 80-85% (micrite, allochems and
spar), dolomite 15-20% (matrix selective,
anhedral to subhedral, cloudy rhombs <80 microns
with corroded rims), anhydrite <1% (replacement);
skeletal debris, peloids (0.2-2 rom), echinoderms,
ostracodes, calcispheres and brachiopods; allo-
chems micritized; compacted; syntaxial
overgrowths on echinoderm grains; minor
intraparticle porosity.
Bioclastic packstone; calcite 85-90% (micrite,
allochems and spar), dolomite 5-10% (matrix
selective, subhedral, cloudy rhombs <110 microns
with corroded rims), anhydrite 1-5% (replace-
ment); echinoderms, brachiopods, ostracodes,
corals and calcispheres; allochems micritized;
compacted; no visible porosity.
TS 9341
Dolomudstone; calcite 5-10% (spar), dolomite 90-
95% (pervasive, anhedral to subhedral, cloudy
rhombs <50 microns), anhydrite <1% (replacement);
rare brachiopods; 15-20% intercrystalline
porosity.
TS 9345
9352-9360 Mudstone; dolostone; dark yellowish brown
10YR 4/2; bioturbated; anhydrite nodules (less than 3" in
long dimension) with minor calcite inclusions; 10-15%
intercrystalline porosity; oil stained.
TS 9354 Dolomudstone: calcite 1-5% (spar), dolomite
90-95% (pervasive, fine-grained, cloudy replace-
ment, and coarse crystalline, saddle dolomite
replacement and cement), anhydrite 1-5% (replace-
ment), silica <1% (chert cement): rare
echinoderms and ostracodes: calcite-filled
fractures: 15-20% intercrystalline porosity.
9360-9360.3 Silty shale; dolomitic, pyritic; black
to medium dark gray N4; finely laminated with dolomitic
lenses; sutured-seam stylolites and microstylolite swarms;
no visible porosity.
TS 9360 Slightly dolomitic, argillaceous siltstone: dolo-
mite 10-15% (lenses of pervasive, fine-grained
replacement), quartz 45-50% (angular to sub-
angular silt-size grains), clay 35-40%, mica <1%:
anastomosing laminae: no visible porosity.
Mudstone; same as 9352 to 93609360.3-9370
208
Dolomudstone: calcite <1% (spar), dolomite
90-95% (pervasive, fine-grained, cloudy replace-
ment, and coarse crystalline, saddle dolomite
replacement and cement), anhydrite 1-5% (replace-
ment), silica 1-5% (chert cement): allochem
ghosts: organic wisps: 10-15% intercrystalline
porosity.
TS 9361
TS 9368 Do1omudstone; dolomite 95-99\ (pervasive,
anhedral, cloudy rhombs <30 microns), silica 1-5'
(chert cement); organic wisps; no visible
porosity.
Dolomudstone; calcite 1-5% (spar), dolomite
95-99% (pervasive, fine-grained, cloudy replace-
ment, and coarse crystalline, saddle dolomite
replacement and cement), anhydrite <1% (replace-
ment), silica <1% (chert cement); rare echino-
derms and allochem ghosts; 5-10% intercrystalline
porosity.
TS 9369
NDGS 17544
Stuart USA 13-30
Tenneco
T142N, R100W, Sec. 30, NE NE
Big Stick Field
Core depth (9622-9652)
Log depth (9639-9669)
9622-9634 Mudstone; dolomitic limestone; dusky
yellowish brown 10YR 2/2; rare echinoderms and brachiopods;
bioturbated; allochems extensively dolomitized; micro-
stylolites; 15-20 intercrystalline porosity; oil stained.
9634-9635 Wackestone; limestone; olive black 5Y 2/1;
echinoderms and skeletal debris; bioturbated; micro-
stylolites and sutured-seam stylolites; vertical, calcite-
filled fractures associated with sutured-seam stylolites;
<5\ intercrystalline porosity.
9635-9639 Mudstone; dolomitic limestone; dusky
yellowish brown 10YR 2/2; rare echinoderms; bioturbated; 5-
10% intercrystalline porosity.
9639-9640 Wackestone; limestone; dark gray N3;
echinoderms; sutured-seam stylolites and microstylolites;
vertical, calcite-filled fractures; no visible porosity.
209
Dolomitic, bioclastic wackestone; calcite 50-55%
(allochems, spar, and micrite), dolomite 45-50%
(matrix selective to pervasive, subhedral, cloudy
rhombs <100 microns with corroded rims, and
coarse crystalline, fracture-filling cement);
corals, echinoderms, brachiopods and molluscs;
vertical, calcite- and dolomite-filled fracture;
sutured-seam stylolites offset fracture; organic
wisps; no visible porosity.
TS 9640
9640-9640.5 Mudstone; dolomitic limestone; dusky
yellowish brown 10YR 2/2; allochem ghosts; bioturbated;
5-10\ intercrystalline porosity.
9640.5-9641 Silty shale; dolomitic; black; finely lam-
inated; no visible porosity.
9641-9646 Wackestone~ dolomitic limestone, limestone~
dusky yellowish brown 10YR 2/2~ echinoderms, rugose corals,
and bryozoans~ some allochems completely or partially dolo-
mitized, and some are replaced by anhydrite~ sutured-seam
stylolites and microstylolites~ 5-10% inter crystalline
porosity from 9641 to 9645, no visible porosity in lower 1
ft.
TS 9643 Dolomitic, bioclastic wackestone; calcite 50-55%
(allochems, micrite and spar), dolomite 40-45%
(matrix selective to pervasive, anhedral to sub-
hedral, cloudy rhombs <100 microns, and- coarse
crystalline cement), anhydrite <1% (cement),
quartz <1% (euhedral crystals <0.5 mm); rugose
corals, echinoderms, and brachiopods; some allo-
chems partially leached (especially echinoderms);
5-10% solution-enlarged intraparticle and inter-
crystalline porosity.
9646-9652 Mudstone; dolostone; dusky yellowish brown
10YR 2/2; rare echinoderms; bioturbated; allochems replaced
by anhydrite; anhydrite nodules (less than 1" in long
dimension); 5-10% intercrystalline porosity.
TS 9650 Dolomudstone: dolomite 99% (parvasive, anhedral,
cloudy rhombs <25 microns), anhydrite <1%
(cement), silica <1% (chert cement): 10-15%
intercystalline porosity.
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NDGS 17840
Tanner USA 11-34
Tenneco
Tl42N, RlOlW, Sec. 34, SE SW
Big Stick Field
Core depth (9204-9230, 9236-
9252)
9204-9211.5 Wackestone to packstone; limestone; pale
yellowish brown 10YR 6/2 to dark yellowish brown 10YR 4/2;
intraclasts, ostracodes, algae, calcispheres, brachiopods,
rugose corals, and gastropods; faintly bedded; abundant,
organic laminae in lower 2.5 ft; many allochems partially
replaced by anhydrite and calcite; sutured-seam stylolites
and microstylolites; 5-10% vugular and moldic porosity.
TS 9204 Dolomitic, peloidal, bioclastic, intraclastic
packstone to grainstone; calcite 75-80\
(allochems, micrite and spar), dolomite 20-25\
(matrix selective, subhedral, cloudy rhombs <20
microns), anhydrite <1\ (cement); intraclasts «4
rom), peloids «0.5 rom), calcispheres, ostracodes
and brachiopods; many bioclasts micritized;
compacted; faintly laminated; sutured-seam stylo-
lites; <5\ intraparticle and interparticle
porosity.
TS 9206 Dolomitic, peloidal, intraclastic, bioclastic,
packstone; calcite 55-60 % (allochems, micrite
and spar), dolomite 35-40% (matrix selective,
anhedral, cloudy rhombs <20 microns), anhydrite
1-5% (matrix and allochem replacement);
ostracodes, intraclasts «5 rom), peloids «1 rom),
calcispheres, gastropods and molluscs; many
bioclasts micritized; 10-15% intraparticle and
interparticle porosity.
TS 9207 Peloidal dolowackestone; calcite 30-35% (micrite,
allochems and spar), dolomite 65-70% (pervasive,
anhedral, cloudy rhombs «50 microns), anhydrite
<1% (matrix replacement); peloids «1 rom) and
rare calcispheres; faint laminations; 10-15%
intercrystalline and vugular porosity.
TS 9208 Dolomitic, bioclastic, intraclastic, peloidal
packstone; calcite 65-70% (allochems, micrite and
spar), dolomite 25-30% (matrix selective to
pervasive, anhedral, cloudy rhombs <20 microns;
anhydrite 1-5% (cement and replacement); peloids
«0.5 mm), intraclasts «4 mm), ostracodes and
echinoderms; matrix and allochems partially
leached; 15-20% interparticle and intraparticle
porosity.
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Intraclastic, bioclastic, packstone; calcite 85-
90% (allochems, micrite, and spar), dolomite 10-
15% (matrix selective, subhedral, cloudy rhombs
<30 microns), anhydrite <1% ( matrix replace-
ment); calcispheres, brachiopods, intraclasts
«0~5 rom), ostracodes, gastropods, forams and
algae; allochems micritized; compacted; <5%
intraparticle porosity.
TS 9211
9211.5-9214.5 Wackestone; limestone; dark gray N3;
ostracodes, calcispheres, echinoderms, and rugose corals;
sutured-seam stylolites and microstylolites; no visible
porosity.
Dolomitic, bioclastic packstone; calcite 70-75%
(allochems, micrite, and spar), dolomite 25-30%
(matrix selective to pervasive, subhedral, cloudy
rhombs <80 microns with corroded rims); skeletal
debris, brachiopods, echinoderms and rare intra-
clasts «3 rom); compacted; no visible porosity.
TS 9212
9214.5-9230 Mudstone; dolomitic limestone; dark yellow-
ish brown 10YR 4/2; rare echinoderms and rugose corals;
bioturbated; anhydrite nodules (less than 1/2" in long
dimension) in lower 6 it; 5-10% intercrystalline porosity;
oil stained.
Slightly dolomitic, bioclastic wackestone;
calcite 75-80\ (micrite, allochems and spar),
dolomite 15-20\ (matrix selective to pervasive,
subhedral, cloudy rhombs <80 microns with
corroded rims), anhydrite 1-5\ (matrix replace-
ment); echinoderms and brachiopods; 10-15\
vugular and intercrystalline porosity.
TS 9216
Dolomudstone; calcite 45-50% (micrite, spar and
allochems), dolomite 50-55% (pervasive, anhedral,
cloudy rhombs <40 microns), anhydrite <1% (matrix
replacement); rare echinoderms; 15-20% inter-
crystalline and vugular porosity.
TS 9218
Dolomitic, bioclastic wackestone: calcite 45-50%
(allochems, spar and micrite), dolomite 45-50%
(pervasive, anhedral to subhedral, cloudy rhombs
<80 microns, and coarse crystalline, saddle
dolomite allochem replacement): anhydrite <1%
(allochem and matrix replacement): echinoderms
and brachiopods: 5-10% intercrystalline and
vugular porosity.
TS 9226
9230-9236 Missing.
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9236-9240 Wackestone; limestone; dark gray N3; rugose
corals, echinoderms, tabulate corals, and ostracodes;
sutured-seam stylolites and microstylolites; vertical
fractures associated with sutured-seam stylolites; <5%
inter crystalline porosity.
TS 9237 Dolomitic, bioclastic wackestone; calcite 55-60%
(allochems, micrite and spar), dolomite 40-45%
(pervasive to matrix selective, subhedral, cloudy
rhombs <100 microns); corals and echinoderms;
some allochems partially leached; organic wisps;
5-10% solution-enlarged intraparticle and vugular
porosity.
TS 9240 Dolomudstone; dolomite 90-95% (pervasive, fine-
grained, cloudy replacement, and coarse
crystalline, saddle dolomite replacement and
cement), anhydrite 5-10% (matrix and allochem
replacement), silica <1% (chert cement); allochem
ghosts; 15-20% inter crystalline porosity.
9240-9252 Mudstone to wackestone; dolostone, lower 2
ft becomes more calcareous; dark yellowish brown 10YR 4/2
to olive gray 5Y 4/1; echinoderms and skeletal debris;
bioturbated; allochems replaced by anhydrite; anhydrite
nodules (less than 1/2" in long dimension); 5-10% inter-
crystalline porosity.
TS 9247 Bioclastic dolomudstone to dolowackestone;
dolomite 95-99% (pervasive, fine~9rained, cloudy
replacement, and coarse crystalline, saddle
dolomite allochem replacement and cement),
anhydrite 1-5% (allochem and matrix replacement),
silica <1% (chert cement); echinoderms and rare
forams; allochems partially leached; 15-20%
intercrystalline and intraparticle porosity.
NDGS 17986
BN 11-5
Al Aquitaine
Tl4lN, RlOOW, Sec.
T.R Field
Core depth (9340-9390)
Log depth (9333-9383)
5, NE NW
9340-9354 Wackestone; limestone, dolomitic limestone;
dark gray N3 to olive gray 5Y 4/1; rugose corals,
echinoderms, and tabulate corals; 9353 to 9354 contains
abundant, angular, rip-up clasts (less than 2" in long
dimension) surrounding a large, rip-up clast (estimated to
be at least 9" in long dimension); sutured-seam stylolites
and microstylolites; <5% intercrystalline porosity.
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TS 9345 Dolomitic, bioclastic wackestone: calcite 70-75\
(micrite, spar, and allochems), dolomite 25-30\
(pervasive, subhedral, cloudy rhombs <100 microns
with corroded rims, and coarse crystalline,
saddle dolomite cement along stylolites):echinoderms, brachiopods and ostracodes: ~
compacted: sutured-seam stylolites: no visible
porosity.
TS 9347.5 Dolomitic, bioclastic wackestone; calcite 60-65\
(spar, micrite and allochems), dolomite 35-40\
(matrix selective to pervasive, anhedral to sub-
hedral, cloudy rhombs <110 microns with corroded
rims); echinoderms, brachiopods and skeletal
debris; organic wisps; allochems micritized; 1-5\
intraparticle and vugular porosity.
TS 9353 Silicified, bioclastic do1owackestone; calcite
10-15\ (spar, micrite and allochems), dolomite
50-55\ (pervasive, subhedra1 to euhedral, cloudy
rhombs <120 microns), silica 30-35\ (chert and
quartz replacement and cement); echinoderms and
brachiopods; no visible porosity.
9354-9362 Wackestone: dolostone: dark yellowish brown
10YR 4/2: echinoderms and skeletal debris: bioturbated:
organic wisps: allochems replaced by anhydrite: anhydrite
nodules (less than 1" in long dimension) with calcite
inclusions: 10-15\ intercrystalline porosity: oil stained.
TS 9362 Bioclastic dolowackestone; calcite 1-5\ (spar),
dolomite 90-95\ (pervasive, fine-grained, cloudy
replacement, and coarse crystalline, saddle
dolomite allochem replacement and cement),
anhydrite 1-5\ (allochem replacement), silica <1\
(chert cement); ostracodes and allochem ghosts;
some allochems leached; 15-20\ intercrystalline
and vugular porosity.
9362-9362.5 Silty shale; dolomitic, pyritic; black
to medium gray N5; finely laminated with gray, dolomitic
lenses; sutured-seam stylolites and microstylolite swarms;
no visible porosity.
TS 9362.1 Silty, dolomitic mudstone; dolomite 45-50\
(lenses of pervasive, fine-grained, cloudy
replacement), quartz 35-40\ (angular to sub-
angular silt-size grains), clay 10-15\
(anastomosing stringers), mica <1\, pyrite <1\;
compacted, microstylolite swarms; no visible
porosity.
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TS 9362.2 Silty, dolomudstone: calcite <1% (spar), dolomite
65-70% (pervasive, fine-grained, cloudy replace-
ment, and subhedral, cloudy (occasionally zoned)
rhombs <15 microns), quartz 30-35% (angular to
subangular silt-size grains), pyrite <1%:
sutured-seam stylolites and microstylolite
swarms: no visible porosity.
9362.5-9379 Mudstone to wackestone; dolostone, dolo-
mitic limestone; dark yellowish brown 10YR 4/2 to olive
gray 5Y 4/1; echinoderms, rugose corals, and ostracodes;
bioturbated; allochems replaced by anhydrite; anhydrite
calcite nodules (less than 3" in long dimension) with
black, pyritic rims; sutured-seam stylolites; 5-10\
intercrysta11ine porosity.
TS 9364 Bioclastic dolomudstone to dolowackestone;
calcite <1% (spar), dolomite 95-99% (pervasive,
fine-grained, cloudy replacement, and coarse
crystalline, saddle dolomite cement and replace-
ment), anhydrite <1% (replacement), silica <1%
(chert cement); allochem ghosts, ostracodes and
echinoderms; 15-20% intercrystalline porosity.
TS 9369 Dolomudstone; calcite <1% (spar), dolomite <99%(pervasive, anhedral, cloudy rhombs <30 microns),
silica <1% (chert cement); organic wisps; no
visible porosity.
TS "9377 Bioclastic dolomudstone to dolowackestone;
calcite 20-25% (spar), dolomite 75-80%
(pervasive, anhedral to subhedral, cloudy rhombs
<25 microns, and coarse crystalline, saddle
dolomite replacement and cement), anhydrite <1%
(replacement), silica <1% (chert cement);
echinoderms, ostracodes and allochem ghosts; <5%
intercrystalline porosity.
Dolomudstone; calcite 35-40% (spar), dolomite 60-
65% (pervasive, anhedral to subhedral, cloudy
rhombs <110 microns), silica <1% (chert cement);
allochem ghosts; weakly laminated; no visible
porosity.
TS 9379
9379-9382 Packstone; limestone; dark gray N3;
echinoderms and rugose corals; bioturbated; sutured-seam
stylolites and microstylolites; no visible porosity.
Dolomitic, bioclastic packstone; calcite 60-65%
(allochems, micrite and spar), dolomite 35-40%
(matrix selective to pervasive, anhedral to sub-
hedral, cloudy rhombs <50 microns); echinoderms,
brachiopods, corals and molluscs; compacted;
sutured-seam stylolites; no visible porosity.
TS 9382
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9382-9390 Wackestone; dolomitic limestone; olive gray
5Y 4/1 to olive black 5Y 2/1; echinoderms and rugose
corals; bioturbated; organic wisps; allochems replaced by
anhydrite or are dolomitized; 5-10\ intercrystalline
porosity.
Bioclastic dolowackestone; calcite 45-50% (spar,
allochems and micrite), dolomite 50-55%
(pervasive, anhedral to subhedral, cloudy to
limpid rhombs <20 microns), silica <1% (chert
cement); echinoderms and skeletal debris; <5%
intercrystalline porosity.
TS 9385
NDGS 18055
Stuart USA 14-31
Tenneco
T142N, R100W, Sec. 31, NE NE
T.R. Field
Core depth (9335-9365, 9375-
9398,9460-9476)
Log depth (same)
It was recognized that the stratigraphic position of
the shallowing upward sequence was not consistent with the
FDC-CNL-GR log and the stratigraphic positioning of
identical sequences in all other cores in this area. It
was concluded that the upper 60 feet of core was marked
upside down. As a depth reference, the 4" thick, silty
shale bed was correlated to the Fryburg gamma ray peak at a
log depth of 9385. The depths of the cored intervals were
then corrected to log depths.
9335-9337.5 Anhydrite: medium light gray N6 to light
olive gray 5Y 5/2: massive.
9337.5-9347.5 Wackestone; anhydritic dolostone; dark
yellowish brown 10YR 4/2 to light gray N7; calcispheres,
intraclasts, and ostracodes; discontinuous laminations from
9338 to 9340 and 9342 to 9343; massive to bedded nodular
anhydrite; 5-10\ intercrystalline and vugular porosity.
TS 9339 Bioclastic dolomudstone to dolowackestone;
calcite <1% (spar), dolomite 90-95% (pervasive,
fine-grained, cloudy replacement), anhydrite 5-
10% (replacement and fracture-fill); algae and
skeletal debris; wavy, organic laminae;
partially anhydrite-filled, vertical fractures;
10-15% intercrystalline and fracture porosity.
TS 9341.5 Intraclastic dolowackestone; calcite 10-15%
(spar), dolomite 85-90% (pervasive, anhedral to
subhedral, cloudy rhombs <25 microns), anhydrite
<1% (cement); intraclasts «3 rom); 5-10%
intercrystalline porosity.
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TS 9342 Dolomudstone; calcite 15-20\ (spar); dolomite 75-
80\ (pervasive, anhedral, cloudy rhombs <40
microns), anhydrite 1-5\ (cement and replace-
ment), mica <1\; rare skeletal ghosts; organic
wisps; 5-10\ intercrystalline porosity.
TS 9347 Anhydritic, intraclastic dolowackestone; calcite
1-5% (spar), dolomite 70-75% (pervasive, fine-
grained, cloudy replacement), anhydrite 20-25%
(replacement and cement); intraclasts (up to 10
mm, most 0.3-1.5 mm) and allochem ghosts; l-~'
vugular porosity.
9347.5-9365 Mudstone to wackestone; limestone, dolo-
mitic limestone; dusky yellowish brown 10YR 2/2 to olive
gray 5Y 4/1; echinoderms and rugose corals; bioturbated;
sutured-seam stylolites and microstylolites; inter-
crystalline porosity varies between 5-20'; oil stained.
TS 9348 Bioclastic dolomudstone to dolowackestone;
calcite 5-10\ (spar), dolomite 90-95\ (pervasive,
anhedral to subhedral, cloudy rhombs <30
microns); skeletal debris, calcispheres, brachio-
pods, and echinoderms; compacted; organic wisps;
microstylolites; vertical, calcite-filled
fractures cross-cut microstylolites; <5\ inter-
crystalline porosity.
TS 9355 Dolomitic, bioclastic wackestone~ calcite 60-65'
(micrite, spar and allochems), dolomite 35-40'
(matrix selective, subhedral, cloudy rhombs <100
microns with corroded rims), anhydrite <1'
(replacement)~ skeletal ghosts, echinoderms,
brachiopods and calcispheres~ allochems
micritized~ some allochems partially leached
(especially echinoderms)~ no visible porosity.
TS 9360 Dolomitic, bioclastic wackestone; calcite 55-60\
(micrite, spar and allochems), dolomite 40-45\
(matrix selective to pervasive, subhedral to
euhedral, cloudy rhombs <110 microns, some with
corroded rims); skeletal debris, echinoderms and
brachiopods: allochems micritized; sutured-seam
stylolites; vertical fractures; minor fracture
porosity.
TS 9362 Dolomudstone; calcite 15-20\ (spar), dolomite 80-
85\ (pervasive, anhedral to subhedral, cloudy
rhombs <80 microns), anhydrite <1\ (cement); 10-
15\ intercrystalline porosity.
9365-9375 Missing-
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9375-9385.7 Mudstone; dolostone; dark yellowish brown
10YR 4/2; rare echinoderms in upper 1 it; bioturbated;
allochems replaced by anhydrite; anhydrite nodules (less
than 4" in long dimension); 10-15\ intercrystalline
porosity; oil stained.
TS 9377 Dolomudstone; calcite 1-5\ (micrite and spar),
dolomite 90-95\ (pervasive, anhedral, cloudy(rarely limpid) rhombs <40 microns, and coarse
crystalline, saddle dolomite replacement
associated with anhydrite), anhydrite 1-5\
(replacment), silica <1\ (chert cement), pyrite
<1\; 1-5\ intercrystalline porosity.
TS 9385 Bioclastic dolowackestone; dolomite 95-99%(pervasive, fine-grained, cloudy replacement, and
coarse crystalline, saddle dolomite allochem
replacement and cement), anhydrite 1-5% (allochem
and matrix replacement); echinoderms and brachio-
pods; some anhydrite-replaced allochems are
partially leached; 10-15% intercrystalline and
intraparticle porosity.
9385.7-9386 Silty shale; dolomitic, pyritic; black
to medium dark gray N4: finely laminated with gray, dolo-
mitic lenses; sutured-seam stylolites and microstylolites;
no visible porosity.
Dolomitic, argillaceous siltstone~ calcite <1%
(spar), dolomite 30-35% (lenses of pervasive,
fine-grained, cloudy replacement, and subhedral
occasionally zoned, cloudy rhombs <25 microns),
quartz 35-40% (angular to subangular silt-size
grains), clay 25-30% (anastomosing stringers),
pyrite <l%~ compacted~ no visible porosity.
TS 9386
9386-9395 Mudstone to wackestone: dolostone: olive
gray 5Y 4/1: echinoderms: bioturbated: allochems replaced
by anhydrite: nodules (less than 2" in long dimension) of
intermixed anhydrite and calcite: 5-10\ intercrystalline
porosity.
TS 9388 Dolomitic mudstone; calcite 50-55% (spar), dolo-
mite 40-45% (pervasive, anhedral to subhedral,
cloudy rhombs <25 microns, and coarse crystalline
saddle dolomite replacemeht and cement),
anhydrite <1% (replacement and cement), silica 1-
5% (chert cement), pyrite <1\; allochem ghosts;
calcite-filled fractures; <5\ intercrystalline
porosity.
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TS 9395 Dolomitic, bioclastic wackestone; calcite 45-50%(spar), dolomite 45-50% (pervasive, fine-grained,
cloudy replacement, and coarse crystalline,
saddle dolomite replacement and cement), anhy-
drite 1-5% (replacement), silica <1% (chert
cement), pyrite <1%; skeletal debris; sutured-
seam stylolites; <5% intercrystalline porosity.
9395-9398 Mudstone; dolostone; olive gray 5Y 4/1;
rare echinoderms; bioturbated; anhydrite nodules (less than
2" in long dimension); 5-10% intercrystalline porosity.
Not cored.9398-9460
9460-9462 Packstone: dolomitic limestone: dark gray
N3: echinoderms and brachiopods: bioturbated: micro-
stylolites: no visible porosity.
TS 9461 Bioclastic packstone; calcite 90-95% (allochems
and micrite), dolomite 5-10% (matrix selective,
anhedral to subhedral, cloudy rhombs <20
microns), anhydrite <1% (replacement), silica <1%
(chert allochem replacement), pyrite <1%;
echinoderms, brachiopods and bryozoans;
compacted; allochems micritized; organic wisps;
no visible porosity.
9462-9467 Mudstone to wackestone; dolostone; dark
yellowish brown lOYR 4/2; echinoderms and brachiopods;
bioturbated; 10-15\ intercrysta1line porosity.
Dolowackestone; calcite 45-50\ (spar and allo-
chems), dolomite 50-55\ (pervasive to matrix
selective, anhedral to subhedral, cloudy rhombs
<25 microns), anhydrite <1\ (replacement), silica
<1\ (chert cement); echinoderms and brachiopods;
allochems micritized; 10-15\ intercrystalline
porosity.
TS 9464
9467-9476 Packstone: dolomitic limestone: dark gray
N3: echinoderms, rugose corals, and brachiopods: chert
nodules (less than 3" in long dimension): sutured-seam
stylolites and microstylolites: no visible porosity.
TS 9470 Silicified, bioclastic packstone: calcite 75-80%(allochems, micrite and spar), dolomite 1-5%
(matrix selective, anhedral to subhedral, cloudy
rhombs <30 microns), anhydrite <1% (replacement),
silica 15-20% (chert allochem and matrix replace-
ment): echinoderms, brachiopods, ostracodes and
bryozoans: compacted: allochems micritized: many
allochems partially or completely replaced by
chert: sutured-seam stylolites: no visible
porosity.
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NDGS 19486
State 12A-15
Canterra
T141N, R1O1W, Sec. 13, NW NE
T.R. Field
Core depth (9525-9565)
Log depth (9524-9564)
9525-9542 Wackestone: dolomitic limestone: dark
yellowish brown lOYR 4/2 to dark gray N3: echinoderms,
rugose corals, brachiopods, bryozoans, ostracodes, tabulate
corals, and forams: slightly bioturbated: some allochems
replaced by anhydrite: sutured-seam stylolites and micro-
stylolites: 5-10\ intercrystal1ine porosity.
TS 9525 Intraclastic, peloidal, bioclastic packstone to
grainstone; calcite 90-95% (allochems, spar, and
micrite), dolomite 1-5% (matrix selective,
subhedral, cloudy rhombs <100 microns with
corroded rims), anhydrite 1-5% (matrix replace-
ment); brachiopods, echinoderms, peloids (0.2-1.5
m),intraclasts «4 mm), bryozoans, forams,
ostracodes, calcispheres, and algae; compacted;
bioclasts micritized; syntaxial overgrowths on
echinoderms; <5% intraparticle porosity.
TS 9526 Bioclastic wackestone to packstone; calcite 85-
90% (micrite, allochems, and spar), dolomite 5-
10% (matrix selective, subhedral, cloudy rhombs
<100 microns with corroded rims), anhydrite 1-5%
(matrix replacement), quartz <1% (random grains
<200 microns); brachiopods, echinoderms, calci-
spheres, ostracodes and rare peloids; some
echinoderm grains partially leached; syntaxial
overgrowths on echinoderms; 1-5% interparticle,
vugular and intraparticle porosity.
Dolomitic, bioclastic wackestone; calcite 70-75\
(micrite, allochems, and spar), dolomite 20-25\
(matrix selective, subhedral to euhedral, cloudy
rhombs <80 microns with corroded rims), anhydrite
1-5\ (matrix replacement); echinoderms, corals,
brachiopods, ostracodes, forams and calcispheres;
many allochems micritized; syntaxial overgrowths
on echinoderms; vertical fractures partially
filled by dolomite; 5-10\ intraparticle and
vugular porosity.
TS 9536
TS 9540.5 Dolomitic, bioclastic wackestone to packstone;
calcite 70-75% (allochems, micrite and spar),
dolomite 25-30% (matrix selective to pervasive,
subhedral to euhedral, cloudy rhombs <90 microns
with corroded rims); corals, echinoderms, brach-
iopods and ostracodes; compacted; some echinoderm
grains partially leached; sutured-seam stylolites;
minor vugular porosity.
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9542-9549 Mudstone to wackestone; dolostone; dark
yellowish brown 10YR 4/2; echinoderms and allochem ghosts;
bioturbated; allochems replaced by anhydrite; anhydrite
nodules (less than 1" in long dimension); 10-15% inter-
crystalline porosity; oil stained.
TS 9545 Dolomudstone; dolomite 99% (pervasive, anhedral,
cloudy rhombs <30 microns, and coarse
crystalline, saddle dolomite allochem replacement
and cement), silica <1% (chert cement); rare
echinoderms; 15-20% intercrystalline porosity.
9549-9549.3 Silty shale: pyritic: black: finely
laminated: no visible porosity.
Argillaceous siltstone; quartz 50-55% (angular to
subangular silt-size grains), clay 40-45%, dolo-
mite 1-5% (lenses of fine-grained pervasive
replacement), mica <1%, plagioclase <1%, pyrite
<1%;; compacted; fine anastomosing laminations.
TS 9549
9549.3-9565 Mudstone to wackestone: dolostone: dark
yellowish brown lOYR 4/2 to dusky yellowish brown lOYR 2/2:
echinoderms and ostracodes: bioturbated: allochems replaced
by anhydrite: chert nodules (at least 4" in estimated long
dimension): anhydrite nodules (less than 3'1 in long dimen-
sion) with calcite inclusions and black, pyritic rims:
sutured-seam stylolites: <5% intercrystalline porosity.
TS 9552 Dolomudstonei calcite <1% (spar), dolomite 95-99%(pervasive, subhedral to euhedral, cloudy to
limpid rhombs <80 microns), silica 1-5% (chert
cement and allochem replacement); rare
echinoderms; 5-10% intercrystalline porosity.
TS 9562.5 Bioclastic dolowackestone; calcite 5-10% (spar),
dolomite 80-85% (pervasive, anhedral, cloudy to
limpid rhombs <20 microns, and coarse
crystalline, saddle dolomite allochem replacement
and cement), anhydrite 1-5% (allochem replacement
and cement), silica <1% (chert cement);
echinoderms and forams: 10-15% intercrystalline
porosity.
221
NDGS 110610
David 11-25
Tenneco
Tl42N, RlOlW, Sec. 25, SE NE
Big Stick Field
Core depth (9390-9450)
9390-9394.5 Wackestone; anhydritic limestone; dark
yellowish brown lOYR 4/2; intraclasts, ostracodes, calci-
spheres, gastropods, and brachiopods; faint bedding;
alternating, loosely-packed and well-packed zones;
crystallotopic anhydrite throughout; some allochems filled
with calcite; calcite-filled, vertical fractures; sutured-
seam stylolites and microstylolites; no visible
porosity.
TS 9392 Anhydritic, intraclastic, bioclastic packstone to
grainstone; calcite 65-70\ (allochems, spar and
micrite), dolomite 5-10\ (matrix selective,
anhedral, cloudy rhombs <20 microns), anhydrite
20-25\ (allochem and matrix replacement, and
fracture-filling); intraclasts «lmm), calci-
spheres, ostracodes, algae, and forams; bioclasts
micritized; anhydrite- and calcite-filled,
vertical fractures; no visible porosity.
TS 9394 Anhydritic, slightly dolomitic, intraclastic
grainstone; calcite 65-70\ (allochems and spar)
dolomite 10-15\ (matrix selective, subhedral,
cloudy rhombs <80 microns), anhydrite 15-20\
(replacement and fracture-filling); intraclasts
«3 rom) and calcispheres; rare laminations;
vertical, calcite- and anhydrite-filled
fractures; minor fracture porosity.
,
9394.5-9396 Wackestone to packstone; anhydritic dolo-
stone; light olive gray SY 6/1; intraclasts and calci-
spheres~ nodular mosaic anhydrite; <5% vugular porosity.
TS 9396 Peloidal, intraclastic dolomudstone to dolowacke-
stone; calcite <1% (spar), dolomite 85-90%
(pervasive, anhedral to subhedral, cloudy rhombs
<25 microns, and coarse crystalline, saddle
dolomite cement and replacement), anhydrite 10-
15% (replacement and cement); intraclasts «2 rom)
and peloids «1 rom); vertical, calcite-filled
fractures; sutured-seam stylolite; no visible
porosity.
9396-9400 Mudstone~ dolomitic limestone, dolostone~
dusky yellowish brown 10YR 2/2~ echinoderms and ostracodes~
minor anhydritic cement~ 15-20% vugular porosity~ oil
stained.
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TS 9398 Silicified, dolomudstone; calcite 1-5% (spar);
dolomite 70-75% (pervasive, fine-grained, cloudy
replacement), anhydrite 1-5% (cement), silica 15-
20% (chert replacement and cement); allochem
ghosts; 30-35% vugular and intercrystalline
porosity in non-silicified areas; no visible
porosity in silicified areas.
9400-9402 Packstone; anhydritic dolostone; dark
yellowish brown 10YR 4/2; calcispheres, intraclasts and
ostracodes; silty, dolomitic zones; pore-filling anhydrite;
15-20% moldic and vugular porosity.
TS 9400 Bioclastic, intraclastic dolopackstone; calcite
<1% (spar), dolomite 85-90% (pervasive, fine-
grained, cloudy replacememt, saddle dolomite
cement, and isopachous cement composed of sub-
hedral, cloudy rhombs <20 microns); anhydrite 10-
15% (allochem replacement and cement); intra-
clasts «2 rom), forams and calcispheres; matrix
partially leached; 10-15% vugular porosity.
9402-9450 Mudstone to wackestone: dolomitic lime-
stone, dolostone: olive black 5Y 2/1 to dark yellowish
brown 10YR 4/2: rugose corals, and echinoderms: bioturbated
in areas: some allochems replaced by anhydrite: nodules
(less than 1/2" in long dimension) of anhydrite and inter-
mixed anhydrite and calcite: sutured-seam stylolites and
microstylolites: 5-15\ intercrystalline porosity.
TS 9408 Dolomudstone; calcite 30-35\ (spar), dolomite 65-
70\ (pervasive, anhedral to subhedral, cloudy
rhombs <50 microns); 15-20\ intercrystalline and
vugular porosity.
TS 9418 Dolomudstone; calcite 25-30\ (spar), dolomite 70-
75\ (pervasive, anhedral, cloudy rhombs <40
microns); allochem ghosts; 10-15\ inter-
crystalline porosity.
TS 9427 Dolomudstone; dolomite 95-99% (pervasive,
anhedral, cloudy rhombs <20 microns), anhydrite
1-5% (cement); 15-20% intercrystalline porosity
TS 9438.5 Dolomudstone; calcite <1% (spar), dolomite 95-99%
(pervasive, fine-grained, cloudy replacement, and
coarse crystalline, saddle dolomite replacement
and cement), anhydrite 1-5% (matrix replacement),
silica <1% (chert cement); 10-15% inter-
crystalline porosity.
TS 9447 Dolomudstonei calcite 40-45% (spar), dolomite 55-
60% (pervasive, subhedral, cloudy rhombs <40
microns): 1-5% intercrystalline porosity.
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